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C h i c k e n  s p e r m a t o z o a  u n d e r g o  a  p o s t - t e s t i c u l a r  m a t u r a t i o n  
p r o c e s s  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  m a m m a ls .  A s s o c i a t i o n  
o f  s e c r e t e d  e p i d i d y m a l  p r o t e i n s  a n d  g l y c o p r o t e i n s  w i t h  t h e  
s p e r m  s u r f a c e  a p p e a r s  t o  b e  c o m p l e t e  a t  t h e  a n t e r i o r  
d u c t u s  d e f e r e n s .  H o w e v e r ,  a n t i g e n i c  c h a n g e  t o ,  a n d  
g l y c o s y l a t i o n  a n d  d e g l y c o s y l a t i o n  o f  s e m i n a l  p l a s m a  a n d  
s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s ,  s e l e c t i v e  l o s s  o f  
p r o t e i n s  f r o m  t h e  s p e r m  s u r f a c e ,  a s  w e l l  a s  s e c r e t i o n  o f  
s o m e  s e m i n a l  p l a s m a  p r o t e i n s  a n d  s e l e c t i v e  a b s o r p t i o n  o f  
o t h e r s  b y  e p i t h e l i a l  c e l l s  l i n i n g  t h e  e x c u r r e n t  d u c t s ,  
c o n t i n u e s  i n  t h e  d u c t u s  d e f e r e n s  a n d  a m p u l l a .
H y p e r t o n i c  t r e a t m e n t  o r  n e u r a m i n i d a s e  t r e a t m e n t  o f  
s p e r m a t o z o a  w i t h o u t  a p p a r e n t  l o s s  o f  s p e r m  i n t e g r i t y  
i n - v i t r o . r e d u c e d  t h e  a b i l i t y  o f  s p e r m a t o z o a  t o  g a i n  
a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  s p e r m  s t o r a g e  t u b u l e s  
i n - v i v o  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n .  T h i s
i n d i c a t e s  a  c l e a r  r o l e  f o r  s p e r m  s u r f a c e - a s s o c i a t e d  
p r o t e i n s  a n d  s p e r m  s u r f a c e  s i a l i c  a c i d  i n  v a g i n a l  s p e r m  
t r a n s p o r t .
S p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  w e r e  a l s o  e x t r a c t e d  b y  
g l y c e r o l  i n  a  t e m p e r a t u r e - d e p e n d e n t  a n d  c o n c e n t r a t i o n -  
d e p e n d e n t  m a n n e r .  T h i s  w a s  a c c o m p a n i e d  a t  r o o m
t e m p e r a t u r e  b y  a  g l y c e r o l  c o n c e n t r a t i o n - d e p e n d e n t  
r e d u c t i o n  i n  s p e r m  m o t i l i t y .  T h e s e  e f f e c t s  m ay b e  
i m p l i c a t e d  i n  t h e  c o n t r a c e p t i v e  a c t i o n  o f  g l y c e r o l  i n  t h e  
c h i c k e n  v a g i n a .
S p e r m a t o z o a  f r o m  s e v e r a l  a v i a n  a n d  m a m m a l ia n  s p e c i e s  
e n t e r e d  q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  i n - v i t r o . a n d  
t u r k e y  s p e r m a t o z o a  w e r e  f o u n d  i n  c h i c k e n  u t e r o v a g i n a l  
j u n c t i o n  S S T s  f o l l o w i n g  u t e r o v a g i n a l  j u n c t i o n  b u t  n o t  
i n t r a v a g i n a l  i n s e m i n a t i o n ,  t h u s  s h o w i n g  t h a t  t h e  S S T s  a r e  
n o t  s e l e c t i v e ,  a n d  i d e n t i f y i n g  t h e  v a g i n a  a s  a  m a j o r  s i t e  
o f  o v i d u c a l  s p e r m  s e l e c t i o n .
S p e r m a t o z o a  w a s h e d  f r o m  t h e  v a g i n a  f o l l o w i n g  i n t r a v a g i n a l  
i n s e m i n a t i o n  h a d  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e ,  
w h i c h  w a s  s h o w n  t o  b e  a s s o c i a t e d  w i t h  c e l l  d e a t h .  
S p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  a n t e r i o r  o v i d u c t  h o w e v e r ,  
w e r e  g e n e r a l l y  d e v o i d  o f  b o u n d  i m m u n o g l o b u l i n .  
F u r t h e r m o r e ,  s p e r m  a c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  
i n - v i v o  f o l l o w i n g  i n c u b a t i o n  w i t h  v a g i n a l  m u c o s a  i n - v i t r o  
d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h a t  o f  c o n t r o l  
s p e r m a t o z o a  d e s p i t e  f e w e r  v i a b l e  s p e r m a t o z o a  i n s e m i n a t e d ,  
s u g g e s t i n g  a  t r u e  ' s e l e c t i o n '  o f  s p e r m a t o z o a  i n  t h e  
v a g i n a .
O v a r i a n  p o c k e t  f l u i d ,  p o s t u l a t e d  t o  b e  t h e  m i l i e u  i n  w h i c h  
f e r t i l i s a t i o n  t a k e s  p l a c e  i n - v i v o , a l t e r e d  s p e r m  s u r f a c e
a n t i g e n i c i t y  a n d  r e d u c e d  s p e r m  m o t i l i t y  i n - v i t r o , 
s u g g e s t i n g  t h a t  s p e r m a t o z o a  m ay n a t u r a l l y  u n d e r g o  
o v i d u c t - i n d u c e d  c h a n g e s  p r i o r  t o  f e r t i l i s a t i o n .
S p e r m - e g g  i n t e r a c t i o n  a p p e a r s  s p e c i f i c  a n d  
r e c e p t o r - m e d i a t e d ,  a s  i n  m a m m a ls .  S p e r m a t o z o a  s h o w e d  n o  
p r e f e r e n c e  f o r  t h e  a n i m a l  p o l e  o f  t h e  e g g ,  a n d  
h e t e r o l o g o u s  g a m e t e  c o m b i n a t i o n s  i n d i c a t e d  l i m i t e d ,  
o r d e r - d e p e n d e n t  r a t h e r  t h a n  s p e c i e s - d e p e n d e n t  s p e c i f i c i t y .
P r e s e n t i n g  c a r b o h y d r a t e  r e s i d u e s  o n  t h e  s p e r m  s u r f a c e  a n d  
s p e r m  s u r f a c e  a n t i g e n i c i t y  s h o w e d  a  l a c k  o f  c h a n g e  
p r o p o r t i o n a l  t o  s p e c i e s  d i v e r g e n c e ,  a l t h o u g h  t h e  v a g i n a  
c l e a r l y  p r e s e n t s  t h e  m a i n  b a r r i e r  t o  i n t e r s p e c i e s
f e r t i l i s a t i o n  w i t h i n  t h e  o r d e r  G a l l i f o r m e s .
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c h i c k e n  s p e r m  s u r f a c e  7 5
2 . 3 .  3 .  2 .  N e u r a m i n i d a s e  t r e a t m e n t  o f  s p e r m a t o z o a  
a n d  p r e p a r a t i o n  f o r  a s s a y  a n d
i n s e m i n a t i o n  7 5
2 . 3 . 3 .  3 .  A s s e s s m e n t  o f  s p e r m  f u n c t i o n  i n - v i t r o  a n d
i n - v i v o  f o l l o w i n g  n e u r a m i n i d a s e  t r e a t m e n t  7 6
2 . 3 .  4 .  I n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  g l y c e r o l
o n  t h e  s p e r m  s u r f a c e  a n d  o n  s p e r m  
f u n c t i o n  i n - v i t r o  7 7
2. 3 . 4 .  1. G l y c e r o l  t r e a t m e n t  o f  s p e r m a t o z o a  a n d
p r e p a r a t i o n  f o r  a s s a y  a n d  e l e c t r o p h o r e s i s  7 7
2 . 3 .  4 .  2 .  A s s e s s m e n t  o f  s p e r m  f u n c t i o n  i n - v i t r o
f o l l o w i n g  g l y c e r o l  t r e a t m e n t  7 8
2. 3. 2. I n v e s t ig a t io n  o f  th e  e f f e c t  o f
V
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2 . 3 . 4 .  3 . S D S-P A G E  o f  s p e r m  s u r f a c e  w a s h i n g s  
o b t a i n e d  f r o m  g l y c e r o l  t r e a t m e n t  o f  
s p e r m a t o z o a  78
2 . 4 .  I n v e s t i g a t i o n  o f  t h e  s p e c i f i c i t y  o f
p r o t e i n  a s s o c i a t i o n  w i t h  t h e  s p e r m  
s u r f a c e  7 9
2 .  4 .  1. S D S-P A G E  o f  t h e  s o l u b l e  a n d  p a r t i c u l a t e
f r a c t i o n s  o f  c h i c k e n  e j a c u l a t e d  s e m i n a l  
p l a s m a  a n d  s p e r m  s u r f a c e  w a s h i n g s  7 9
2 . 4 . 2 .  P r o t o c o l  f o r  i n v e s t i g a t i o n  o f  t h e
r e l a t i v e  a f f i n i t i e s  o f  p r o t e i n s  f o r  t h e  
s p e r m  s u r f a c e  8 0
2 .  5 . P r o d u c t i o n  o f  m o n o s p e c i f i c  p o l y c l o n a l
a n t i s e r a  f r o m  i n d i v i d u a l  s p e r m  s u r f a c e -  
a s s o c i a t e d  p r o t e i n s  81
2 .  5 .  1. H y p e r t o n i c  b u f f e r  t r e a t m e n t  o f
s p e r m a t o z o a  a n d  SD S-PA G E  o f  s p e r m  s u r f a c e  
w a s h i n g s  81
2 .  5 .  2 .  P r o d u c t i o n ,  t e s t i n g  a n d  p r e p a r a t i o n  o f
a n t i s e r a  81
2 . 5 . 2 .  T e s t i n g  a n t i s e r u m  s p e c i f i c i t y  b y
i m m u n o l o g i c a l  s t a i n i n g  o f  b l o t t e d  s e m i n a l  
p l a s m a  p r o t e i n s  8 2
2 . 6 .  I n v e s t i g a t i o n  o f  o v i d u c a l  s p e r m  s e l e c t i o n
i n  c h i c k e n s  8 3
VI
S a g a
2 . 6 . 1 .
2 . 6 . 1 . 1 .
2 . 6 . 1 . 2 .
2 .  6 . 1. 3 .
2 .  6 . 1. 4 .
2 .  6. 1. 5.
I n - v i t r o  i n v e s t i g a t i o n  o f  s p e r m  s e l e c t i o n  
b y  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  8 3
P r e p a r a t i o n  o f  q u a i l  u t e r o v a g i n a l  
j u n c t i o n  t i s s u e  8 3
I n c u b a t i o n  o f  q u a i l  u t e r o v a g i n a l  j u n c t i o n  
t i s s u e  w i t h  h o m o l o g o u s  a n d  h e t e r o l o g o u s  
s p e r m a t o z o a  i n - v i t r o , a n d  a s s e s s m e n t  o f  
s p e r m  a c c e s s  t o  t h e  S S T s  8 4
A s s e s s m e n t  o f  t h e  c r o s s - r e a c t i v i t y  o f  
a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s ,  w i t h  
b o v i n e  a n d  h u m a n  s p e r m a t o z o a  8 5
I n c u b a t i o n  o f  n e u r a m i n i d a s e  a n d  
h y p e r t o n i c  b u f f e r  t r e a t e d  c h i c k e n  
s p e r m a t o z o a  w i t h  c h i c k e n  u t e r o v a g i n a l  
j u n c t i o n  t i s s u e  i n - v i t r o , a n d  a s s e s s m e n t  
o f  s p e r m  a c c e s s  t o  t h e  S S T s  8 6
I n c u b a t i o n  o f  m o r p h o l o g i c a l l y  a b n o r m a l  
c h i c k e n  s p e r m a t o z o a  w i t h  q u a i l  
u t e r o v a g i n a l  j u n c t i o n  t i s s u e  i n - v i t r o .  
a n d  a s s e s s m e n t  o f  s p e r m  a c c e s s  t o  t h e  
S S T s  8 6
2 .  6 . 1. 6 . I n t r a v a g i n a l  i n s e m i n a t i o n  o f  q u a i l  h e n s  
w i t h  h u m a n  s p e r m a t o z o a  a n d  a s s e s s m e n t  o f  
s p e r m  a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  
S S T s  a n d  n e w l y  o v u l a t e d  e g g  i n - v i v o  8 7
VII
gage.
2. 6. 2.
2 . 6 . 2 . 1 .
2 . 6 . 2 . 2 .
2 . 6 . 2 . 2 . 1 .
2 . 6 . 2 . 2 . 2 .
2 .  6. 2 .  3 .
I n v e s t i g a t i o n  o f  t h e  s i t e  o f  o v i d u c a l  
s p e r m  s e l e c t i o n  i n  t h e  c h i c k e n  
I n c u b a t i o n  o f  c h i c k e n  a n d  t u r k e y  
s p e r m a t o z o a  w i t h  c h i c k e n  u t e r o v a g i n a l  
j u n c t i o n  t i s s u e  i n - v i t r o ,  a n d  a s s e s s m e n t  
o f  s p e r m  a c c e s s  t o  t h e  S S T s  
I n v e s t i g a t i o n  o f  a n t i g e n i c  s i m i l a r i t y  
b e t w e e n  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  
A s s e s s m e n t  o f  t h e  c r o s s - r e a c t i v i t y  o f  
a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s ,  w i t h  
t u r k e y  s p e r m a t o z o a
A b s o r p t i o n  o f  a n t i s e r u m  r a i s e d  a g a i n s t  
c h i c k e n  e j a c u l a t e d  s e m i n a l  p l a s m a  
p r o t e i n s ,  w i t h  f i x e d  t u r k e y  s p e r m a t o z o a ,  
a n d  s u b s e q u e n t  s t a i n i n g  o f  c h i c k e n  
s p e r m a t o z o a
I n t r a v a g i n a l  a n d  u t e r o v a g i n a l  j u n c t i o n  
i n s e m i n a t i o n  o f  c h i c k e n  h e n s  w i t h  c h i c k e n  
a n d  t u r k e y  s p e r m a t o z o a ,  a n d  a s s e s s m e n t  o f  
s p e r m  a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n
S S T s
8 8
8 8
8 9
8 9
8 9
91
2. 6 . 3 . I n v e s t i g a t i o n  o f  t h e  p h y s i o l o g i c a l  b a s i s
o f  o v i d u c a l  s p e r m  s e l e c t i o n  i n  t h e  
c h i c k e n  9 2
V III
£ a g a
l i v e / d e a d  s t a i n i n g  o f  i n t r a v a g i n a l l y  
i n s e m i n a t e d  c h i c k e n  a n d  t u r k e y  
s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e  92
2 . 6. 3 .  2 .  I n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p  b e t w e e n  
s p e r m  p l a s m a  m e m b r a n e  p e r m e a b i l i s a t i o n  
a n d  i m m u n o g l o b u l i n  b i n d i n g  t o  t h e  s p e r m  
s u r f a c e  9 3
2. 6. 3 .  2 .  1. D e t e r m i n a t i o n  o f  t h e  c o m p a r a t i v e
e f f i c i e n c i e s  o f  n i g r o s i n  a n d  e o s i n ,  a n d  
p r o p i d i u m  i o d i d e  a s  v i t a l  s t a i n s  93
2 . 6. 3 .  2 .  2 .  P r o t o c o l  f o r  a n t i c h i c k e n  I g G  a n d
p r o p i d i u m  i o d i d e  s t a i n i n g  o f  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  v a g i n a  b y  l a v a g e ,  
f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  95
2 . 6 . 3 .  3 .  I n v e s t i g a t i o n  o f  c h i c k e n  i m m u n o g l o b u l i n
b i n d i n g  a n d  l i v e / d e a d  s t a t u s  o f  
s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e ,  
a n d  a s s e s s m e n t  o f  s p e r m  a c c e s s  t o  t h e  
n e w l y  o v u l a t e d  e g g  i n - v i v o , i n  p r e v i o u s l y  
i n s e m i n a t e d  a n d  v i r g i n  h e n s  o f  t h e  s a m e  
a g e  9 5
2. 6. 3 .  4 .  A s s e s s m e n t  o f  c h i c k e n  i m m u n o g l o b u l i n
b i n d i n g  t o  h u m a n  a n d  g e r b i l  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  c h i c k e n  v a g i n a  b y  
l a v a g e  9 6
2. 6. 3. 1. P r o to c o l fo r  im m unofluorescent and
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2. 6. 3. 5.
2 . 6 . 3 .  6 .
2 .  6 . 4 .
2 . 7 .
2 . 7. 1.
2 . 7 . 2 .
A s s e s s m e n t  o f  c h i c k e n  i m m u n o g l o b u l i n  
b i n d i n g  t o  c h i c k e n  s p e r m a t o z o a  r e c o v e r e d  
f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  a n d  
i n f u n d i b u l u m  f o l l o w i n g  i n t r a v a g i n a l  a n d  
i n t r a u t e r i n e  i n s e m i n a t i o n  
P r o t o c o l  f o r  h i s t o l o g i c a l  s t a i n i n g  o f  
c h i c k e n  v a g i n a l  m u c o s a l  s m e a r s  p r e -  a n d  
p o s t - i n s e m i n a t i o n
A s s e s s m e n t  o f  c h i c k e n  i m m u n o g l o b u l i n  
b i n d i n g  a n d  l i v e / d e a d  s t a t u s  o f  c h i c k e n  
s p e r m a t o z o a  i n c u b a t e d  i n - v i t r o  w i t h  
v a g i n a l  m u c o s a ,  a n d  s u b s e q u e n t  s p e r m  
a c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  i n - v i v o  
I n v e s t i g a t i o n  o f  s p e r m  s u r f a c e  c h a n g e s  
i n d u c e d  b y  t h e  o v i d u c t  
A s s e s s m e n t  o f  s p e r m  s u r f a c e  c h a n g e  i n  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  
u t e r o v a g i n a l  j u n c t i o n  a n d  i n f u n d i b u l u m  a t  
a r o u n d  t h e  t i m e  o f  o v u l a t i o n ,  f o l l o w i n g  
i n t r a v a g i n a l  i n s e m i n a t i o n  
R e c o v e r y  o f  s p e r m a t o z o a  f r o m  t h e  c h i c k e n  
v a g i n a  b y  l a v a g e ,  a n d  WGA s t a i n i n g ,  
f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n
9 7
9 7
98
1 0 0
1 0 0
101
X
Bags.
2. 7. 3.
2 . 7 . 3 . 1.
2 . 7 .  2 .  3.
2 . 8 .
2 . 8 . 1 .
2 . 8 . 2 .
2 . 8 . 2 . 1 .
I n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  e x p o s u r e  
o f  s p e r m a t o z o a  t o  o v a r i a n  p o c k e t  f l u i d  
a n d  p e r i  v i t e l l i n e  l a y e r  o f  t h e  e g g  
i n - v i t r o , o n  s p e r m  s u r f a c e  a n t i g e n i c i t y  
a n d  WGA s t a i n i n g
C o l l e c t i o n  o f  o v a r i a n  p o c k e t  f l u i d ,  a n d  
p e r i v i t e l l i n e  l a y e r  f r o m  n e w l y  o v u l a t e d ,  
f o l l i c u l a r  a n d  l a i d  e g g s  
I n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  o v a r i a n  
p o c k e t  f l u i d  a n d  p e r i v i t e l l i n e  l a y e r  o f  
t h e  e g g  i n - v i t r o ,  a n d  s u b s e q u e n t  s p e r m  
i m m u n o f l u o r e s c e n t  a n d  l e c t i n  s t a i n i n g  
I n - v i t r o  i n v e s t i g a t i o n  o f  s p e r m - e g g  
i n t e r a c t i o n  i n  d o m e s t i c  b i r d s  
A s s e s s m e n t  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  
h y d r o l y s i s  r e s u l t i n g  f r o m  i n - v i t r o  
i n c u b a t i o n  w i t h  s p e r m a t o z o a ,  a n d  
i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  o v a r i a n  
p o c k e t  f l u i d  o n  s p e r m - i n n e r  p e r i v i t e l l i n e  
l a y e r  i n t e r a c t i o n  i n - v i t r o  
I n - v i t r o  i n v e s t i g a t i o n  o f  t h e  s p e c i f i c i t y  
o f  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r  
i n t e r a c t i o n
SD S-P A G E  o f  p e r i v i t e l l i n e  l a y e r  f r o m  t h e  
a n i m a l  a n d  v e g e t a l  p o l e s  o f  f r e s h l y  l a i d  
e g g s
1 0 2
1 0 2
1 0 3
1 0 5
1 0 5
1 0 6
106
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E a s s
2 . 8 .  2 .  2 .  I n - v i t r o  a s s e s s m e n t  o f  h e t e r o l o g o u s  a v i a n  
s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r
i n t e r a c t i o n  1 0 7
2 .  8 .  2 .  3 .  A s s e s s m e n t  o f  t h e  e f f e c t  o f  p r e i n c u b a t i o n  
o f  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  w i t h  
s o n i c a t e d  c h i c k e n  i n n e r  p e r i v i t e l l i n e  
l a y e r ,  a n d  c h i c k e n  s p e r m a t o z o a  w i t h  
s o n i c a t e d  c h i c k e n ,  q u a i l  a n d  t u r k e y  
p e r i v i t e l l i n e  l a y e r  f r o m  l a i d  e g g s ,  o n  
s u b s e q u e n t  s p e r m - c h i c k e n  i n n e r
p e r i v i t e l l i n e  l a y e r  i n t e r a c t i o n  i n - v i t r o  1 0 8  
2 . 8 . 2 .  4 .  S D S-P A G E  o f  s o n i c a t e d  c h i c k e n  i n n e r
p e r i v i t e l l i n e  l a y e r  a n d  c h i c k e n ,  t u r k e y  
a n d  q u a i l  p e r i v i t e l l i n e  l a y e r  f r o m  l a i d  
e g g s ,  f o l l o w i n g  a b s o r p t i o n  w i t h  c h i c k e n
s p e r m a t o z o a  1 0 9
2 . 9 . I n v e s t i g a t i o n  o f  d i f f e r e n c e s  i n  s p e r m
s u r f a c e  c h a r a c t e r i s t i c s  a n d  s e m i n a l  
p l a s m a  c o m p o s i t i o n  a m o n g  c l o s e l y  a n d  m o r e  
d i s t a n t l y  r e l a t e d  a v i a n  s p e c i e s  1 1 1
2. 9 . 1. A s s e s s m e n t  o f  i n t e r s p e c i e s  d i f f e r e n c e s  i n
s p e r m  a n t i g e n i c i t y  a n d  p r e s e n t i n g  
c a r b o h y d r a t e  r e s i d u e s  1 1 1
2 . 9 .  2 .  SD S-PA G E  a n d  W e s t e r n  b l o t t i n g  o f  s e m i n a l
p l a s m a s  f r o m  d i f f e r e n t  a v i a n  s p e c i e s  1 1 2
2. 1 0 .  S t a t i s t i c a l  a n a l y s i s  1 1 3
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E a g a
C h a p t e r  3 
3. 1.
3 .  1. 1.
3 . 1. 2 .
3 . 1. 3 .
3 .  1. 4 .
. R B S .V L T .S .
P o s t - t e s t i c u l a r  m a t u r a t i o n  o f  t h e  s p e r m  
s u r f a c e
A s s a y  o f  a n t i s e r u m  t i t r e  b y  s p e r m  
a g g l u t i n a t i o n
I m m u n o f l u o r e s c e n t  s t a i n i n g  o f  s p e r m a t o z o a  
f r o m  t h e  e j a c u l a t e  a n d  d i f f e r e n t  a r e a s  o f  
t h e  m a l e  r e p r o d u c t i v e  t r a c t  w i t h  
a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s  
L e c t i n  s t a i n i n g  o f  s p e r m a t o z o a  f r o m  t h e  
e j a c u l a t e  a n d  d i f f e r e n t  a r e a s  o f  t h e  m a l e  
r e p r o d u c t i v e  t r a c t  
E l e c t r o p h o r e t i c  a n a l y s i s  o f  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  e x t r a c t e d  
f r o m  a n t e r i o r  a n d  p o s t e r i o r  d u c t u s  
d e f e r e n s  s p e r m a t o z o a  w i t h  1. OM N a C l ,  a n d  
o f  s e m i n a l  p l a s m a s  f r o m  a n t e r i o r  a n d  
p o s t e r i o r  d u c t u s  d e f e r e n s  a n d  e j a c u l a t e d  
s e m e n
1 1 4
1 1 5
1 1 5
1 1 5
1 1 8
1 2 2
X III
3. 1. 4. 1.
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3. 1. 4 .  2 .
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C H A P T E R  1 . I N T R O D U C T I O N
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1. I N T R O D U C T I O N
l . l .  G en e ra l  I n t r o d u c t i o n
C o n s i d e r a b l e  e f f o r t s  have been  made o v e r  t h e  p a s t  30 y e a r s  
t o  e l u c i d a t e  t h e  mechanisms i n v o l v e d  i n  p o s t - t e s t i c u l a r  
sperm m a t u r a t i o n ,  s p e r m - o v i d u c a l  i n t e r a c t i o n  and sp e rm -e g g  
i n t e r a c t i o n  i n  mammals. I n  a d d i t i o n  t o  t h e  s c i e n t i f i c  
v a l u e  o f  t h e  l a r g e  volume o f  i n f o r m a t i o n  g e n e r a t e d  by such  
work, some a s p e c t s  have  s u b s e q u e n t l y  found  p r a c t i c a l  
a p p l i c a t i o n  i n  m e d ic in e  and a g r i c u l t u r e .
A s s i s t e d  c o n c e p t i o n ,  b o th  i n  t h e  human and mammalian 
f i e l d s ,  i s  c u r r e n t l y  a g row th  i n d u s t r y .  I n - v i t r o  
f e r t i l i s a t i o n  (IVF) i s  a recommended and e s t a b l i s h e d  
t r e a t m e n t  f o r  i n f e r t i l i t y  r e s u l t i n g  from b lo c k e d  f a l l o p i a n  
t u b e s ,  and i n  r e c e n t  y e a r s  has found  a p p l i c a t i o n  i n  o t h e r  
c a t e g o r i e s  o f  s u b f e r t i l i t y  ( s e e  Lee, 1991). F u r th e r m o r e ,  
v i a b l e  o f f s p r i n g  have been  p ro d u c e d  from t h e  t r a n s f e r  o f  
an im al  embryos p ro d u ce d  by i n - v i t r o  m a t u r a t i o n  (IVM) and 
IVF, t o  r e c i p i e n t  a n im a ls  (Xu e t  a l . , 1987; Goto e t  a l . ,
1987). Such t e c h n i q u e s  may f i n d  a p p l i c a t i o n  i n  t h e  
p r o d u c t i o n  o f  embryos from v a l u a b l e  b u t  i n f e r t i l e  
l i v e s t o c k  ( s e e  F a y re r -H o sk e n  & Caudle ,  1990). IVF a l s o  
f i n d s  a p p l i c a t i o n  i n  t h e  p r o d u c t i o n  o f  t r a n s g e n i c  farm 
a n im a l s  (Hammer e t  a l . . 1985) and i s  a v a l u a b l e  t e c h n i q u e  
i n  i n v e s t i g a t i o n s  o f  t h e  p h y s i o l o g y  o f  gamete  m a t u r a t i o n ,  
i n t e r a c t i o n  and f e r t i l i s a t i o n .
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O t h e r  t e c h n i q u e s  a p p l i e d  t o  t h e  f i e l d  o f  human i n f e r t i l i t y  
w h ich  d e r i v e  t h e i r  o r i g i n s  from r e s e a r c h  i n t o
s p e r m - o v i d u c a l  i n t e r a c t i o n  and sp e rm -eg g  i n t e r a c t i o n  
i n c l u d e  gamete  i n t r a f a l l o p i a n  t r a n s f e r  (GIFT),
i n t r a u t e r i n e  i n s e m i n a t i o n  ( IU I ) ,  d i r e c t  i n t r a p e r i t o n e a l  
i n s e m i n a t i o n  (DIPI)  and m i c r o i n j e c t i o n  o f  s p e rm a to z o a  i n t o  
o o c y te s  ( s e e  Lee, 1991). Some o f  t h e s e  t e c h n i q u e s  e. a . 
GIFT, may a l s o  f i n d  a p p l i c a t i o n  i n  l i v e s t o c k  p r o d u c t i o n  
( s e e  F a y r e r - H o s k e n  & Caudle ,  1990).
I n  d o m e s t i c  b i r d s ,  r e d u c t i o n  i n  t h e  f e r t i l i t y  o f  a 
b r e e d i n g  f l o c k  i s  n o t  uncommon, e s p e c i a l l y  i n  b r o i l e r  
b r e e d e r s  o v e r  50 weeks o ld ,  which  may p r o d u c e  o n ly  70% 
f e r t i l e  eggs.  The normal s o l u t i o n  t o  su ch  r e d u c e d
f e r t i l i t y  i s  t o  i n c r e a s e  t h e  male t o  fem a le  r a t i o  o r  
r e s o r t  t o  a r t i f i c i a l  i n s e m i n a t i o n .  However, su ch  a 
s t r a t e g y  does n o t  s o l v e  t h e  u n d e r l y i n g  c a u se  and
e n c o u r a g e s  t h e  p r o d u c t i o n  o f  b i r d s  w i t h  i n f e r i o r  
r e p r o d u c t i v e  c a p a b i l i t i e s .
I n  t h e  U. K. , t h e  a n n u a l  p r o d u c t i o n  o f  b r o i l e r  c h ic k e n s  has 
a t o t a l  v a lu e  o f  £600M, w i t h  t h e  v a l u e  o f  t u r k e y  
p r o d u c t i o n  b e in g  a ro u n d  £200M (M. A. F. F. B u l l e t i n ,  1990). 
T h e r e f o r e ,  even  a 1% improvement  i n  t h e  normal  mean 
f e r t i l i t y  l e v e l  o f  87-90% would be w o r th  more t h a n  £8M p e r  
annum.
The f i r s t  l o g i c a l  s t e p  tow ards  im p ro v in g  r e p r o d u c t i v e  
c a p a b i l i t y  i s  t h e  e l u c i d a t i o n  o f  p h y s i o l o g i c a l  mechanisms
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i n v o lv e d .  A l th o u g h  much work has been  c a r r i e d  o u t  on egg 
p r o d u c t i o n  and t o  a l e s s e r  e x t e n t  s p e r m a t o g e n e s i s ,  l i t t l e  
i s  p r e s e n t l y  known a b o u t  p o s t - t e s t i c u l a r  sperm m a t u r a t i o n ,  
o v i d u c a l  sperm t r a n s p o r t  and s t o r a g e ,  and sp e rm -eg g  
i n t e r a c t i o n  i n  d o m e s t i c  b i r d s .
The work d e t a i l e d  i n  t h i s  t h e s i s  has been  c o n c e rn e d  w i t h  
t h e  c h a r a c t e r i s a t i o n  o f  sperm s u r f a c e  changes  o c c u r r i n g  
d u r i n g  t r a n s p o r t  t h r o u g h  t h e  e x c u r r e n t  d u c t  s y s te m  o f  t h e  
c h ic k e n ,  and s u b s e q u e n t l y  t h e  o v i d u c t ;  i n v e s t i g a t i o n  o f  
t h e  r o l e  o f  sperm s u r f a c e  a s s o c i a t e d  p r o t e i n s  i n  o v i d u c a l  
t r a n s p o r t  o f  sp e rm ato zo a ;  i n v e s t i g a t i o n  o f  sp e rm -eg g  
i n t e r a c t i o n ;  and t h e  e l u c i d a t i o n  o f  t h e  r e l a t i v e  
i m p o r t a n c e  o f  t h e  v a g in a  and i n n e r  p e r i v i t e l l i n e  l a y e r  o f  
t h e  egg as b a r r i e r s  t o  i n t e r s p e c i e s  f e r t i l i s a t i o n  
i n v o l v i n g  c l o s e l y  and d i s t a n t l y  r e l a t e d  a v i a n  s p e c i e s .
The work u n d e r t a k e n  has been  com p reh en s iv e  i n  r e l a t i o n  t o  
t h e  s t a g e s  o f  t h e  sperm l i f e  c y c l e ,  d e a l i n g  w i t h  
s p e rm a to z o a  i n  t h e  male r e p r o d u c t i v e  t r a c t  and t h r o u g h o u t  
t h e  fem a le  r e p r o d u c t i v e  t r a c t  t o  t h e  p o i n t  o f  
f e r t i l i s a t i o n .  The i n t r o d u c t i o n  t o  t h e  t h e s i s  has t h u s  
been  a r r a n g e d  i n  a s e q u e n t i a l  manner t o  p r o v i d e  r e l e v a n t  
b ack g ro u n d  i n f o r m a t i o n  on a r e a s  s t u d i e d ,  d e a l i n g  i n i t i a l l y  
w i t h  male r e p r o d u c t i v e  t r a c t  anatomy, p o s t - t e s t i c u l a r  
m a t u r a t i o n  and semen c o m p o s i t io n ,  and p r o c e e d i n g  v i a  
fem a le  r e p r o d u c t i v e  t r a c t  anatomy and o v i d u c a l  sperm 
t r a n s p o r t ,  s e l e c t i o n  and s t o r a g e ,  t o  s e c t i o n s  c o v e r i n g
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sperm  c a p a c i t a t i o n ,  spe rm -egg  i n t e r a c t i o n  and i n t e r s p e c i e s  
f e r t i l i s a t i o n .
Most i n f o r m a t i o n  c u r r e n t l y  a v a i l a b l e  on t h e  a r e a s  s t u d i e d  
i n  t h i s  p r o j e c t  has  been  o b t a i n e d  from mammalian r e s e a r c h ,  
making mammals t h e  l o g i c a l  v e r t e b r a t e  c l a s s  t o  draw 
c o m p a r iso n s  from. A c c o r d in g ly ,  i n f o r m a t i o n  on mammalian 
r e p r o d u c t i v e  mechanisms has g e n e r a l l y  b e en  p r o v i d e d  
a l o n g s i d e  t h a t  f o r  d o m e s t i c  b i r d s .
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1 .  2 . S p e r m  M a t u r a t i o n
1. 2. 1. T e s t i c u l a r  Sperm M a t u r a t i o n  i n  Dom est ic  B i rd s
1. 2. 1. 1. Anatomy o f  t h e  C h icken  T e s t i s
The t e s t e s  a r e  found  d o r s a l l y  i n  t h e  body c a v i t y  a t  t h e  
c r a n i a l  p o l e  o f  t h e  k id n e y s ,  and measure  a p p r o x i m a t e l y  
30-60 mm i n  l e n g t h  and 25-30 mm i n  d i a m e t e r  i n  s e x u a l l y  
m a tu re  males .
The n o n - s e p t a t e  t e s t i c u l a r  parenchyma i s  e n v e lo p e d  by a 
t h i n ,  h i g h l y  v a s c u l a r i s e d  t u n i c a  a lb u g i n e a ,  which  i n  t u r n  
u n d e r l i e s  a s e r o u s  membrane. The s e m i n i f e r o u s  t u b u l e s  
form a complex a n a s to m o s in g  n e tw o rk  (Lake, 1957),  t h e i r  
o u t e r  w a l l  c o m p r i s i n g  a t h i n  l a y e r  o f  c o n n e c t i v e  t i s s u e  
c o n t a i n i n g  c o n t r a c t i l e  myoid c e l l s  (R o thw el l  & T i n g a r i ,  
1973), and t h e i r  e p i t h e l i u m  c o m p r i s in g  S e r t o l i  c e l l s  and 
g e rm in a l  c e l l s  a t  v a r i o u s  s t a g e s  o f  d ev e lo p m e n t  (Lake,
1981). The c e l l  body o f  t h e  S e r t o l i  c e l l  i s  s i t u a t e d  a t  
t h e  b a s e  o f  t h e  s e m i n i f e r o u s  t u b u l e  e p i t h e l i u m ,  w i t h  f i n e  
p r o j e c t i o n s  o f  c y to p la s m  b e tw een  g e rm in a l  c e l l s  (Cooksey & 
R o th w e l l ,  1973). S e r t o l i  c e l l s  p l a y  a s u p p o r t i v e  and 
n u t r i t i v e  r o l e  to w ard s  d e v e l o p i n g  s p e r m a t o g e n i c  c e l l s ,  
p h a g o c y t i s e  d e g e n e r a t i n g  s p e r m a to g e n ic  c e l l s ,  and by 
v i r t u e  o f  t i g h t  i n t e r c e l l u l a r  j u n c t i o n s ,  form t h e  
b l o o d - t e s t i s  b a r r i e r  ( T o r t o r a  and A n ag n o s tak o s ,  1990). 
They a r e  a l s o  b e l i e v e d  t o  p o s s e s s  s t e r o i d o g e n i c  a c t i v i t y  
( S i l l e r ,  1956). The i n t e r s t i c e s  be tw een  s e m i n i f e r o u s
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t u b u l e s  c o m p r i se  l o o s e  c o n n e c t i v e  t i s s u e ,  L ey d ig  c e l l s  
which  s e c r e t e  an d ro g en s  i n  r e s p o n s e  t o  s t i m u l a t i o n  by 
l u t e i n i s i n g  hormone ( s e e  Lake, 1984),  and v a s c u l a r  t i s s u e .
The t e s t i c u l a r  a r t e r i e s  a r i s e  from t h e  c r a n i a l  r e n a l  
a r t e r i e s  and a r e  r e s p o n s i b l e  f o r  o r g a n  p e r f u s i o n .  These  
e n t e r  t h e  e p id id y m a l  b o r d e r  o f  t h e  t e s t e s ,  fo rm in g  
a n a s to m o s in g  a r t e r i a l  a r c a d e s  be tw een  t h e  s e m i n i f e r o u s  
t u b u l e s .  Venous r e t u r n  i s  v i a  s h o r t  t e s t i c u l a r  v e in s  
which  f lo w  i n t o  t h e  c a u d a l  vena  cava.
1. 2. 1. 2. S p e rm a to g e n e s i s
The s e m i n i f e r o u s  t u b u l e s  o f  t h e  t e s t e s  a r e  l i n e d  w i t h  
s p e r m a to g o n ia ,  which  d i s p l a y  m i t o t i c  a c t i v i t y .  Groups o f  
f i l i a l  c e l l s  e x t e n d  i n t o  t h e  t u b u l e  lumen, d i f f e r e n t i a t i n g  
a t  e ach  m i t o t i c  d i v i s i o n ,  and f i n a l l y  fo rm in g  p r i m a r y  
s p e r m a t o c y t e s ,  which s u b s e q u e n t l y  und e rg o  m e i o t i c  c e l l  
d i v i s i o n .  The p r o p h a s e  o f  t h e  f i r s t  m e i o t i c  d i v i s i o n  i s  
e l o n g a t e d ,  b e in g  5 .5  days i n  c h ic k e n s  ( s e e  R e v ie r s ,  1975) 
and c o m p r i se s  l e p t o t e n e ,  z y g o te n e ,  p a c h y te n e ,  d i p l o t e n e  
and d i a k i n e s i s  s t a g e s .  The two r e s u l t a n t  s e c o n d a r y  
s p e r m a t o c y t e s  und e rg o  a f u r t h e r  d i v i s i o n  t o  p ro d u c e  f o u r  
h a p l o i d  s p e r m a t i d s ,  which s u b s e q u e n t l y  u n d e rg o  
s p e r m i o g e n e s i s ,  l a s t i n g  a p p r o x i m a t e l y  7 days i n  c h ic k e n s  
( s e e  R e v ie r s ,  1975). S p e rm io g e n e s i s  i s  t h e  m o d e l l i n g  
p r o c e s s  which  u l t i m a t e l y  r e s u l t s  i n  t h e  m o r p h o l o g i c a l l y  
m a tu re  sp e rm a to zo o n  ( F in d la y ,  1984) and i n v o l v e s
7
f l a g e l l a r ,  m id p ie c e  and acrosome deve lo p m en t ,  i n  a d d i t i o n  
t o  c o n d e n s a t i o n  o f  t h e  n u c le u s .  The t o t a l  d u r a t i o n  o f  
s p e r m a t o g e n e s i s  i n  t h e  c h i c k e n  i s  a p p r o x i m a t e l y  12 days 
( s e e  R e v i e r s ,  1975).
1 . 2 . 2 .  P o s t - t e s t i c u l a r  Sperm M a t u r a t i o n
1. 2. 2. 1. Anatomy o f  t h e  E x c u r r e n t  Duct System o f  t h e  
T e s t i s
The e x c u r r e n t  d u c t  sy s te m  o f  t h e  t e s t i s  ( F i g u r e  1) 
c o m p r i s e s  a s h o r t  e p id id y m a l  r e g i o n ,  a p p r o x i m a t e l y  20 mm 
i n  l e n g t h ,  and t h e  d u c tu s  d e f e r e n s ,  which i s  a p p r o x i m a t e l y  
140 mm i n  l e n g t h  ( T i n g a r i ,  1971). The e p id id y m a l  r e g i o n  
c o m p r i s e s  t h e  r e t e  t e s t i s ,  d u c t u l i  e f f e r e n t e s ,  c o n n e c t i n g  
d u c t u l e s ,  and d u c tu s  e p id i d y m id i s  (Lake, 1957).  The whole  
d u c t  complex i m m e d ia te ly  a d j a c e n t  t o  t h e  t e s t i s  i s  
embedded i n  a f i b r o u s  s t ro m a  c o n t a i n i n g  a few m usc le  
f i b r e s .
The r e t e  t e s t i s  
i r r e g u l a r  c h a n n e ls  
by s i m p le  squamous 
communicates  w i t h  
s t r a i g h t  t u b u l e s  
( T i n g a r i ,  1971).
co m p r ise s  a complex o f  t h i n  w a l l e d  
s u r r o u n d e d  by c o n n e c t i v e  t i s s u e ,  l i n e d  
t o  low c u b o id a l  e p i t h e l i a l  c e l l s ,  which 
t h e  s e m i n i f e r o u s  t u b u l e s  v i a  s h o r t  
i n  which no s p e r m a t o g e n e s i s  o c c u r s
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Figure 1. Diagram m atic representation o f  the reproductive tract o f  the m ale chicken: 
T ,testis; E R ,epididym al region(com prising rete testis, connecting ductules and ductus 
epididym idis); D D ,ductus deferens; A D ,am pulla o f  ductus deferens; E D ,ejaculatory  
duct which protrudes into the cloaca.
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The d u c t u l i  e f f e r e n t e s  a r e  l a r g e  t u b u l e s  c o n n e c t i n g  t h e  
r e t e  t e s t i s  and t h e  c o n n e c t i n g  d u c t u l e s ,  and a r e  l i n e d  
w i t h  n o n - c i l i a t e d  and c i l i a t e d  co lum nar  c e l l s ,  found  
a l t e r n a t i n g  i n d i v i d u a l l y  o r  i n  g roups .  The c o n n e c t i n g  
d u c t u l e s ,  which  a r e  c o n s i d e r a b l y  n a r ro w e r ,  a r e  l i n e d  
p r e d o m i n a n t l y  w i t h  c i l i a t e d  co lum nar  c e l l s ,  a l t h o u g h  
n o n - c i l i a t e d  c e l l s  a r e  e v i d e n t .  The d u c t u l e s  widen  p r i o r  
t o  c o n n e c t i o n  w i t h  t h e  d u c tu s  e p i d i d y m i d i s ,  and t h e  
e p i t h e l i a l  l i n i n g  becomes s i m i l a r  t o  t h a t  o f  t h e  d u c tu s  
e p i d i d y m i d i s  ( T i n g a r i ,  1971, 1972).
The d u c tu s  e p i d i d y m i d i s  i s  a c o n v o lu t e d  t u b e  l i n e d  w i t h  
n o n - c i l i a t e d  co lum nar  c e l l s ,  which  communicates  w i t h  t h e  
h i s t o l o g i c a l l y  s i m i l a r  d u c tu s  d e f e r e n s  ( T i n g a r i ,  1971). 
The d u c tu s  d e f e r e n s  runs  p a r a l l e l  t o  t h e  u r e t e r ,  from t h e  
cauda  e p id id y m is  t o  t h e  c l o a c a l  urodeum. I t  i s  a h i g h l y  
c o i l e d  s t r u c t u r e  and expands i n t o  r e c e p t a c l e s  which 
p e n e t r a t e  t h e  c l o a c a l  w a l l  and t e r m i n a t e  i n  s h o r t  p a p i l l a e  
which  e n t e r  t h e  u r o d e a l  c a v i t y .  The w a l l  o f  t h e  d u c tu s  
d e f e r e n s  i s  f i b r o m u s c u l a r ,  and sp e rm a to z o a  a r e  t r a n s p o r t e d  
by f l u i d  f lo w  and p e r i s t a l t i c  movements o f  t h e  m usc le  
f i b r e s  ( R e v ie r s ,  1975).
The mammalian e p id id y m is  i s  c o n s i d e r a b l y  l o n g e r  t h a n  t h a t  
o f  d o m e s t i c  b i r d s ,  b e in g  a p p r o x i m a t e l y  20 m l o n g  i n  man, 
and 40-60 m l o n g  i n  t h e  b u l l ,  b o a r  and s t a l l i o n  ( s e e  
J o n e s ,  1989),  and i s  d i v i d e d  i n t o  t h r e e  a n a t o m i c a l  
r e g i o n s ;  c a p u t  (h ea d ) ,  co rp u s  (body) and cauda  ( t a i l ) .  
I n  most  mammalian s p e c i e s  t h e  d u r a t i o n  o f  sperm t r a n s p o r t
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t h r o u g h  t h e  e p id id y m is  i s  be tw een  8 and 12 d ay s ,  and i t  i s  
w e l l  e s t a b l i s h e d  t h a t  f u r t h e r  m a t u r a t i o n a l  p r o c e s s e s  t a k e  
p l a c e  h e re .
The d u c tu s  d e f e r e n s  o f  t h e  c h i c k e n  i s  r e g a r d e d  by some as 
e q u i v a l e n t  t o  t h e  corpus  and c a u d a l  r e g i o n s  o f  t h e  
mammalian e p id id y m is  ( T i n g a r i ,  1971, 1972; Lake, 1981),  
t h e  j u x t a t e s t i c u l a r  e p id id y m a l  r e g i o n  c o r r e s p o n d i n g  w i t h  
t h e  mammalian c a p u t  e p id i d y m id i s .  E v id en ce  f o r  su ch  a 
c l a im  i n c l u d e s :  changes  i n  t h e  lum ena l  d i a m e t e r  b e tw een  
t h e  c r a n i a l  a s p e c t  o f  t h e  e p id id y m a l  d u c t  and t h e  c a u d a l  
a s p e c t  o f  t h e  d u c tu s  d e f e r e n s ,  s i m i l a r  t o  t h o s e  o b s e r v e d  
i n  some mammals; s i m i l a r i t y  o f  t h e  e p i t h e l i u m  l i n i n g  t h e  
d u c tu s  d e f e r e n s  o f  t h e  c h ic k e n  t o  t h a t  l i n i n g  t h e  co rpus  
and cauda  e p i d i d y m i d i s  o f  t h e  r a t  and mouse; t h e  
o b s e r v a t i o n  t h a t  c e l l  t y p e s  found  i n  t h e  c h i c k e n  
e p id id y m a l  d u c t  and d u c tu s  d e f e r e n s  e p i t h e l i a  a r e  
i d e n t i c a l ;  and h i s t o l o g i c a l  e v id e n c e  f o r  a p o c r i n e  
s e c r e t o r y  a c t i v i t y  i n  t h e  d u c tu s  d e f e r e n s  ( s e e  T i n g a r i ,
1971).
F o l lo w in g  s p e r m a t o g e n e s i s  and s p e r m i o g e n e s i s ,  a v i a n  
s p e r m a to z o a  a r e  r e l e a s e d  v i a  t h e  r e t e  t e s t i s  i n t o  t h e  
d u c t u l i  e f f e r e n t e s ,  which d r a i n  i n t o  t h e  d u c tu s  
e p i d i d y m i d i s ,  and t h e n  i n t o  t h e  d u c tu s  d e f e r e n s .  I n  t h e  
c h ic k e n ,  t r a n s p o r t  o f  sp e rm a to z o a  from t h e  t e s t e s  t o  t h e  
c a u d a l  r e g i o n  o f  t h e  d u c tu s  d e f e r e n s  t a k e s  be tw een  1 and 
4 day s ,  d e p e n d in g  on t h e  f r e q u e n c y  o f  e j a c u l a t i o n  
( R e v ie r s ,  1975).
1 1
The lum en a l  c o n t e n t s  v a r y  i n  d i f f e r e n t  a r e a s  o f  t h e  d u c t  
sy s tem ,  w i t h  t h e  l o w e s t  and h i g h e s t  sperm  d e n s i t i e s  
o b s e r v e d  i n  t h e  r e t e  t e s t i s  and i n i t i a l  n a r ro w  r e g i o n  o f  
t h e  c o n n e c t i n g  d u c t u l e s ,  r e s p e c t i v e l y .  S pe rm atozoa  a r e  
f a i r l y  u n i f o r m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  o t h e r  a r e a s  o f  
t h e  t r a c t  ( T i n g a r i ,  1971).
1. 2. 2. 2. Mammalian P o s t - t e s t i c u l a r  Sperm M a t u r a t i o n
Mammalian t e s t i c u l a r  s p e rm a to z o a  a r e  i m m o t i l e  and 
i n f e r t i l e  (Mann & Lutwak-Mann, 1981), d e v e lo p m e n t  o f  
p r o g r e s s i v e  m o t i l i t y  and f e r t i l i s i n g  a b i l i t y  d e p e n d in g  on 
m o d i f i c a t i o n s  o c c u r r i n g  d u r i n g  sperm t r a n s p o r t  t h r o u g h  t h e  
e p id id y m is  (Bedford ,  1979; Dacheux & Pagu ignon ,  1980; 
Olson,  1984; Cooper,  1986). Some changes  a r e  i n t r i n s i c  
t o  sp e rm a to z o a  (Myles e t  a l . . 1987), o t h e r s  o c c u r r i n g  as a 
r e s u l t  o f  i n t e r a c t i o n  w i t h  e p id id y m a l  f l u i d .
M o d i f i c a t i o n s  t o  t h e  sperm s u r f a c e  may r e s u l t  from t h e  
r e g i o n a l  s u r f a c e  a c q u i s i t i o n  o f  s p e c i f i c  p r o t e i n  a n d / o r  
g l y c o p r o t e i n  (Olson  & Ham il ton ,  1978; F e u c h t e r  e t  a l . , 
1981; Jo n es  e t  a l . . 1983; R u s s e l l  e t  a l . . 1984),  enzymic 
m o d i f i c a t i o n  e. a . by g l y c o s i d a s e s ,  g l y c o s y l t r a n s f e r a s e s  o r  
p r o t e a s e s ,  o f  e x i s t i n g  sperm s u r f a c e  m o le c u le s  (H am il ton ,  
1980; Cossu & B o i t a n i ,  1984), o r  t h e  m asking  o r  unm asking  
o f  p r e - e x i s t i n g  m o le cu le s  o r  e p i t o p e s  (O lson  & Danzo, 
1981; Eddy e t  a l . . 1985).
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C o n c u r r e n t  w i t h  s p e r m  s u r f a c e  m o d i f i c a t i o n  a r e  c h a n g e s  i n
l e c t i n  b i n d i n g  p a t t e r n s  ( N ic o l s o n  e t  a l . , 1977; O lso n  &
Danzo, 1981; S r i v a s t a v a  & Olson, 1991) and an i n c r e a s e  i n  
n e t  n e g a t i v e  s u r f a c e  c h a rg e  (Yanagimachi  e t  a l . , 1972; 
Moore, 1979) due m a in ly  t o  s i a l i c  a c i d  r e s i d u e s  ( s e e  
T o sh im o r i  e t  a l . . 1991) s e c r e t e d  by t h e  e p id id y m a l
e p i t h e l i u m  as t h e  t e r m i n a l  s u g a r  o f  s i a l o g l y c o p r o t e i n s  
which  b i n d  t o  t h e  sperm s u r f a c e  (A c o t t  & H osk ins ,  1981; 
R i f k i n  & Olson,  1985; F e u c h t e r  e t  a l . . 1988). I t  has
a l s o  b een  e s t a b l i s h e d  t h a t  p h o s p h o l i p i d ,  c h o l e s t e r o l  and 
b u l k  p h o s p h o l i p i d - b o u n d  f a t t y  a c i d s  o f  whole  s p e rm a to z o a  
and sperm p lasm a  membrane undergo  change  d u r i n g  e p id id y m a l  
t r a n s i t ,  accom panied  by p lasm a membrane f l u i d i t y  changes  
( s e e  H a l l  e t  a l . . 1991).
O th e r  r e p o r t e d  b io c h e m ic a l  and m o r p h o lo g ic a l  changes  
accom panying  e p id id y m a l  t r a n s i t  i n c l u d e  s i z e ,  sh a p e  and 
i n t e r n a l  s t r u c t u r e  o f  t h e  acrosome,  c o h e s i v e n e s s  b e tw een  
t h e  o u t e r  a c ro so m a l  membrane and o v e r l y i n g  sperm p lasm a  
membrane, l i g h t  s c a t t e r i n g  p r o p e r t i e s ,  l i p o p r o t e i n  
c o n t e n t ,  e l e c t r o p h o r e t i c  m o b i l i t y ,  and l o s s  o f  t h e  
c y t o p l a s m i c  d r o p l e t  from t h e  t a i l  ( s e e  N i c o l s o n  e t  a l . ,
1977) . F u r th e rm o re ,  m a t u r a t i o n - r e l a t e d  changes  i n
e l e m e n t a l  c o n c e n t r a t i o n s  a ro u n d  o r  on t h e  sperm s u r f a c e  
have  been  r e p o r t e d  ( s e e  Ashizawa e t  a l . . 1988).
E p id id y m al  t r a n s i t  i s  accompanied  by f u n c t i o n a l  m a t u r a t i o n  
i n  mammals. The c a p u t  e p id i d y m id i s  i s  t h e  most  a c t i v e  
s i t e  o f  a n d r o g e n - c o n t r o l l e d  p r o t e i n  s y n t h e s i s  and
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s e c r e t i o n  (Tezon e t  a l . . 1985),  and t h e  a b i l i t y  o f  
s p e r m a to z o a  t o  b i n d  s p e c i f i c a l l y  t o  t h e  zona  p e l l u c i d a  i s  
d e v e l o p e d  h e re .  However, p r o g r e s s i v e  m o t i l i t y  and t h e  
a b i l i t y  t o  p e n e t r a t e  and f e r t i l i s e  t h e  o o c y te  a r e  
d e v e l o p e d  i n  t h e  c o rp u s  e p id id y m is ,  w i t h  t h e  a b i l i t y  t o  
i n i t i a t e  normal em bryonic  d eve lopm en t  a r i s i n g  i n  t h e  cauda
e p i d i d y m i d i s  (F o u r n i e r - D e l p e c h  e t _____ a l .  , 1983;
F o u r n i e r - D e l p e c h  & C ouro t ,  1987). Some e p id id y m a l  f l u i d  
components  which a s s o c i a t e  w i t h  t h e  sperm s u r f a c e  have  had 
t h e i r  p h y s i o l o g i c a l  r o l e  i d e n t i f i e d  e . g . fo rw a rd  m o t i l i t y  
p r o t e i n  (A c o t t  & H oskins ,  1981), acrosome s t a b i l i s i n g  
f a c t o r  (Eng & O l i p h a n t ,  1978), and g l y c o p r o t e i n s  
i m p l i c a t e d  i n  sp e rm -zo n a  p e l l u c i d a  b i n d i n g  (L ey to n  & 
S a l i n g ,  1989 a, b) .
1. 2. 2. 3. Avian  P o s t - t e s t i c u l a r  Sperm M a t u r a t i o n
L ik e  t h e i r  mammalian c o u n t e r p a r t s ,  a v i a n  s p e r m a to z o a  a r e  
known t o  u ndergo  a f u r t h e r  m a t u r a t i o n a l  p r o c e s s
d u r i n g  t h e i r  t r a n s p o r t  t h r o u g h  t h e  e x c u r r e n t  d u c t  sys tem .  
Esponda and B edfo rd  (1985) o b s e r v e d  t h a t  e p id id y m a l  and 
d u c tu s  d e f e r e n s  f l u i d  components a s s o c i a t e  w i t h  t h e  
c h i c k e n  sperm s u r f a c e .  I n  common w i t h  mammals, m i g r a t i o n  
and e v e n t u a l  s h e d d in g  o f  t h e  c y to p l a s m i c  d r o p l e t  from t h e  
t a i l  m id p ie c e  (Bedford ,  1979),  and changes  i n  e l e m e n t a l  
c o n c e n t r a t i o n s  a ro u n d  o r  on t h e  c h i c k e n  sperm s u r f a c e  
(Ashizawa e t  a l . , 1988) a r e  o b s e r v e d  d u r i n g  sperm t r a n s i t
t h r o u g h  t h e  e x c u r r e n t  d u c t  sy s te m  o f  t h e  c h ic k e n .
1 4
I n  c o n t r a s t  t o  mammalian e p id id y m a l  sp e rm a to z o a ,  which 
s u f f e r  a p r e c i p i t o u s  l o s s  o f  v i a b i l i t y  f o l l o w i n g  removal  
o f  t e s t i c u l a r  an d ro g en  (B edfo rd ,  1979),  c h ic k e n  
sp e r m a to z o a  i n  t h e  e x c u r r e n t  d u c t  s y s te m  a r e  n o t  
i n f l u e n c e d  by t e s t i c u l a r  a n d ro g en s  (Munro, 1938a). 
F u r th e r m o r e ,  t h e  f a i l u r e  o f  c a t i o n i s e d  c o l l o i d a l  f e r r i c  
o x id e  and F IT C -c o n ju g a te d  l e c t i n s  t o  i n d i c a t e  changes  i n  
a n i o n i c  g roups  and s p e c i f i c  o l i g o s a c c h a r i d e  r e s i d u e s  
r e s p e c t i v e l y ,  l e d  Bedford  (1979) t o  c o n c lu d e  t h a t  
m ac ro m o lecu les  a c q u i r e d  by c h i c k e n  sp e rm a to z o a  d u r i n g  
e p id id y m a l  and d u c tu s  d e f e r e n s  t r a n s i t  were  n o t  
g l y c o p r o t e i n .  This  h y p o t h e s i s  has more r e c e n t l y  r e c e i v e d  
s u p p o r t  from Esponda and B ed fo rd  (1985) who i d e n t i f i e d  
o n l y  one g l y c o p r o t e i n  band i n  c h i c k e n  s e m in a l  p lasma,  
f o l l o w i n g  p r o t e i n  s e p a r a t i o n  on i s o e l e c t r i c  f o c u s s i n g  
g e l s .
I n  c o n t r a s t  t o  t h e  mammalian c a s e ,  few s t u d i e s  have  been  
c a r r i e d  o u t  on t h e  e x t r a g o n a d a l  m a t u r a t i o n  o f  sp e rm a to z o a  
i n  d o m e s t i c  b i r d s .  As a r e s u l t ,  l i t t l e  i s  known a b o u t  t h e  
s u r f a c e  and n o n - s u r f a c e  changes  e x p e r i e n c e d  by a v i a n  
s p e r m a to z o a  d u r i n g  t r a n s i t  o f  t h e  e p id id y m is  and d u c tu s  
d e f e r e n s  ( s e e  B edford ,  1979; Esponda & B edfo rd ,  1985; 
M o rr i s  e t  a l . . 1987), and s p e c i f i c  f u n c t i o n s  have  n o t  y e t  
b een  a t t r i b u t e d  t o  i n d i v i d u a l  sperm s u r f a c e  a s s o c i a t e d  
components .  However, i t  i s  c l e a r  t h a t  t h e r e  a r e  a number 
o f  fu n d a m e n ta l  d i f f e r e n c e s  be tw een  t h e  f u n c t i o n s  o f  a v i a n  
and mammalian sperm s u r f a c e  a s s o c i a t e d  components .  I t  has 
b e en  e s t a b l i s h e d  f o r  example, t h a t  e x t r a
1 5
components a r e  n o t  i n v o l v e d  i n  r e c o g n i t i o n  and sperm 
b i n d i n g  t o  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  o f  t h e  egg, 
g e n e r a t i o n  o f  t h e  acrosome r e a c t i o n ,  o r  b i n d i n g  t o  t h e  
oolema and i n i t i a t i o n  o f  g a m e t ic  f u s i o n ,  s i n c e  t e s t i c u l a r  
sp e rm a to z o a ,  which  l a c k  e x p o su re  t o  e p id id y m a l  o r  d u c tu s  
d e f e r e n s  s e c r e t o r y  components ,  can  f e r t i l i s e  ova i f  
i n s e m i n a t e d  i n t r a m a g n a l l y  (Howarth, 1983). I n  c o n t r a s t  t o  
t h e  mammalian c a se ,  some c h i c k e n  s p e r m a to z o a  a r e  f u l l y  
m o t i l e  i n  t h e  t e s t e s  (Bedford ,  1979; Ashizawa & Sano, 
1990), so  t h e  a c q u i s i t i o n  o f  a fo rw a rd  m o t i l i t y  p r o t e i n  
d u r i n g  p o s t - t e s t i c u l a r  m a t u r a t i o n  would seem u n n e c e s s a r y .
The o b s e r v a t i o n  t h a t  t e s t i c u l a r  s p e r m a to z o a  i n s e m i n a t e d  
i n t r a v a g i n a l l y  do n o t  f e r t i l i s e  ova (Munro, 1938b, 
Howarth, 1983) s u g g e s t s  a p o s s i b l e  r o l e  f o r  sperm 
s u r f a c e - a s s o c i a t e d  components i n  o v i d u c a l  sperm t r a n s p o r t  
and s t o r a g e .  F u r th e rm o re ,  sperm t r a n s p o r t  from t h e  u t e r u s  
t o  t h e  i n f u n d ib u l u m  i s  p a s s i v e  ( A l l e n  & G rigg ,  1957), 
s u g g e s t i n g  t h a t  sperm s u r f a c e  a s s o c i a t e d  components m ight  
e x e r t  t h e i r  i n f l u e n c e  a t  t h e  v a g in a  a n d / o r  u t e r o v a g i n a l  
j  u n c t i o n .
g o n a d a l l y - a d s o r b e d  a v i a n  s p e r m  s u r f a c e - a s s o c i a t e d
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1 .  2 .  3 . A v i a n  S e m e n
1. 2. 3. 1. Seminal  Plasma
Semen i s  c o l l e c t e d  by m as sag in g  t h e  back  o f  t h e  male,  
e l i c i t i n g  t h e  e r e c t i o n  o f  t h e  p h a l l i c  s t r u c t u r e s  (median 
and 2 l a t e r a l  p h a l l i c  b o d ie s  found  on t h e  v e n t r a l  l i p  o f  
t h e  c l o a c a l  v e n t )  and p a p i l l a e .  E r e c t i o n  o f  t h e s e
s t r u c t u r e s  i s  by l y m p h a t i c  engorgem ent ,  lymph b e i n g  formed 
by t h e  p a r a c l o a c a l  v a s c u l a r  b o d ie s  s i t u a t e d  l a t e r a l  t o  t h e  
r e c e p t a c l e s  o f  t h e  d u c tu s  d e f e r e n s .  The semen i s  t h e n  
s q u e e z e d  i n t o  a c o l l e c t i n g  v e s s e l  (Lake & S t e w a r t ,  1978; 
Lake, 1981).
T here  a r e no a c c e s s o r y g e n i t a l g l a n d  s e c r e t i o n s , b u t  a
l y m p h - l i k e t r a n s p a r e n t f l u i d can  be e x p r e s s e d from
ly m p h a t i c f o l d s  on t h e p r o c t o d e a l  f l o o r  d u r i n g semen
c o l l e c t i o n  (Nish iyama & Ogawa, 1961).
Seminal  p la sm a  i s  p ro d u c e d  as a r e s u l t  o f  s e c r e t i o n  by t h e  
e p id id y m is  and d u c tu s  d e f e r e n s  (Esponda & B ed fo rd ,  1985) 
and a b s o r p t i o n  by t h e  e p i t h e l i a l  c e l l s  l i n i n g  t h e  
e x c u r r e n t  d u c t  sy s te m  (Nakai  e t  a l . . 1989).  I t  i s  a 
complex medium w i t h  a t o t a l  p r o t e i n  c o n t e n t  o f  8 mg/ml 
(Lake, 1966) , i n c l u d i n g  g l y c o p r o t e i n ,  c h o l i n e s t e r a s e s ,  
a c i d  and a l k a l i n e  p h o sp h o m o n o e s te ra se s  ( B e l l  & Lake, 
1962) , o x i d a t i v e  and h y d r o l y t i c  enzymes (Mclndoe & Lake,
1974) and p r o t e i n a s e  i n h i b i t o r .  S e v e r a l  amino a c i d s  a r e  
found  f r e e  i n  s e m in a l  p lasm a,  w i t h  t h e  g l u t a m ic  a c i d
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c o n c e n t r a t i o n  c o n s i d e r a b l y  e l e v a t e d  compared w i t h  t h a t  i n  
b lo o d  p la sm a  (Lake & H a t to n ,  1968),  and s t e r o i d s  may be 
p r e s e n t  (Budras & Sauer ,  1975). O th e r  known c o n s t i t u e n t s  
i n c l u d e  l a c t i c  a c i d ,  p y r u v i c  a c i d ,  o C - k e t o g l u t a r a t e ,  
c a r n i t i n e ,  a c y l c a r n i t i n e ,  c r e a t i n e ,  g l u c o s e ,  c h l o r i d e ,  
sodium, p o t a s s i u m  and magnesium, a l l ,  w i t h  t h e  e x c e p t i o n  
o f  sodium, a t  c o n c e n t r a t i o n s  d i f f e r i n g  from t h e i r  
r e s p e c t i v e  c o n c e n t r a t i o n s  i n  b lo o d  p lasm a ,  (Lake & 
W is h a r t ,  1984).
T here  a r e  c o n f l i c t i n g  views on w h e th e r  t r a n s p a r e n t  f l u i d  
i s  a normal  c o n s t i t u e n t  o f  s e m in a l  p lasm a  and what  i t s  
f u n c t i o n  m igh t  be. Lake ( 1984) s u g g e s t e d  t h a t  i t  m igh t  
r e d u c e  t h e  a c i d i t y  on t h e  s u r f a c e  o f  t h e  e r e c t i l e  t i s s u e  
i n  t h e  c l o a c a  t o  p r e v e n t  damage t o  sp e rm a to zo a .  However, 
T e ra d a  e t  a l . (1981) have  s u g g e s t e d  t h a t  i t  may p r o v i d e  
s t i m u l a t i o n  o f  sperm m o t i l i t y .
1. 2. 3. 2. The Spermatozoon
Chicken  semen c o n t a i n s  be tw een  3 X 106 and 8 X 106 
s p e rm a to z o a /m l  (Lake & S t e w a r t ,  1978).
The c h i c k e n  sp e rm ato zo o n  i s  o f  t h e  s a u r o p s i d  t y p e ,  
c h a r a c t e r i s t i c  o f  n o n - p a s s e r i n e  b i r d s  (Asa & P h i l l i p s ,  
1987). The n u c le u s  i s  c y l i n d r i c a l ,  a p p r o x i m a t e l y  12 .5  >um 
l o n g  and s l i g h t l y  b e n t ,  t h e  acrosome b e in g  a p p r o x i m a t e l y  
2 ,um l o n g  and c o n i c a l .  The su b ac ro so m a l  s p a c e  which
1 8
h o u se s  t h e  p e r f o r a t o r i u m ,  s e p a r a t e s  t h e  acrosom e from t h e  
n u c l e u s .  The acrosome c o n t a i n s  p r o t e o l y t i c  enzymes which 
d i g e s t  a pa thw ay  f o r  t h e  p e n e t r a t i n g  sp e rm a to zo o n  t h r o u g h  
t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  o f  t h e  o o c y te  (B a k s t  & 
Howarth,  1977b; Okamura & Nish iyama,  1978; Koyanagi  e t  
a l . , 1988).
The t a i l  i s  a p p r o x i m a t e l y  80 ;um i n  l e n g t h  and c o m p r i se s  
f o u r  r e g i o n s :  neck,  m id p iece ,  p r i n c i p a l  p i e c e  and end
p i e c e .  The neck  r e g i o n  c o n t a i n s  t h e  c e n t r i o l a r  complex,  
c o m p r i s i n g  t h e  p ro x im a l  and d i s t a l  c e n t r i o l e s .  Here,  t h e  
n u c l e u s  i s  j o i n e d  t o  t h e  m id p ie c e  by a n o n - s t r i a t e d  
c o n n e c t i n g  p i e c e  and p ro x im a l  c e n t r i o l e .  A p p ro x im a te ly  
30 m i t o c h o n d r i a  s u r r o u n d  t h e  d i s t a l  c e n t r i o l e  and a p i c a l  
a s p e c t  o f  t h e  axoneme a t  t h e  m idp iece .  The axoneme 
o r i g i n a t e s  from t h e  d i s t a l  c e n t r i o l e  as 9 p a i r s  o f  t r i p l e t  
t u b u l e s  which  change  t o  a c o n f i g u r a t i o n  o f  9 p a i r s  o f  
d o u b l e t s ,  and c o n t i n u e s  t o  t h e  end o f  t h e  p r i n c i p a l  p i e c e  
(Lake e t  a l . . 1968). The p r i n c i p a l  p i e c e  and m id p ie c e  a r e
s e p a r a t e d  by an a n n u lu s  (Lake e t  a l . . 1968). The
p r i n c i p a l  p i e c e  i s  a p p r o x i m a t e ly  70 urn l o n g  and c o m p r i se s  
a s h e a t h  o f  amorphous m a t e r i a l  (Lake e t  a l . . 1968) which
s u r r o u n d s  t h e  axoneme. The end p i e c e  i s  s h o r t  and 
c o m p r i s e s  t h e  axoneme only .  The e n t i r e  s p e rm a to z o o n  i s  
bounded by a p lasm a  membrane.
Sp e rm ato zo a  from d i f f e r e n t  s p e c i e s  o f  d o m e s t i c  b i r d s  
a p p e a r  m o r p h o l o g i c a l l y  s i m i l a r .  Turkey  s p e r m a to z o a  a r e  o f  
a s i m i l a r  o v e r a l l  l e n g t h  (75-80 ;um) t o  t h o s e  o f  t h e
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c h i c k e n  ( T h u r s to n  & Hess, 1987), b u t  p o s s e s s  an e x te n d e d  
m id p ie c e ,  w i t h  a s h o r t e r ,  l e s s  c u rv e d  n u c l e u s  (Lake & 
W is h a r t ,  1984). Q ua i l  sp e rm a to z o a  have a c o n s i d e r a b l y  
g r e a t e r  o v e r a l l  l e n g t h  ( a p p r o x i m a t e l y  140 jam;
M. G. S t e e l e ,  u n p u b l i s h e d  o b s e r v a t i o n )  w i t h  an e x te n d e d  
n u c l e u s  and a l o n g e r  and t h i c k e r  f l a g e l l u m .
2 0
1 .  3 . S p e r m - O v i d u c a l  I n t e r a c t i o n
1. 3. 1. Anatomy o f  t h e  Avian  O v iduc t
I n  t h e  c h ic k e n ,  as i n  most b i r d s ,  o n ly  t h e  l e f t  M u l l e r i a n  
d u c t  d e v e lo p s  i n t o  a f u n c t i o n a l  o v i d u c t  (B a k s t ,  1987a).  
The o v i d u c t  i s  a n a t o m i c a l l y  and f u n c t i o n a l l y  d i v i d e d  i n t o  
f i v e  segm en ts :  t h e  in f u n d ib u lu m ,  magnum, i s t h m u s ,  u t e r u s ,
and v a g i n a  ( G i l b e r t ,  1979) ( F i g u r e  2). A p p r o x im a te ly  
0 . 6 m i n  l e n g t h ,  t h e  o v i d u c t  has a mucosal  l i n i n g  
e n v e lo p e d  by c o n n e c t i v e  t i s s u e  c o n t a i n i n g  b lo o d  v e s s e l s  
and n e r v e s .  Beyond t h i s  l i e  smooth m usc le  l a y e r s ,  bounded 
by a s e r o s a .
The i n f u n d ib u l u m  i s  a p p r o x i m a t e l y  90 mm i n  l e n g t h  and i s  
l i n e d  w i t h  c i l i a t e d  e p i t h e l i u m ,  w i t h  s c a t t e r e d  b u n d le s  o f  
smooth m usc le  f i b r e s  i n  t h e  c o n n e c t i v e  t i s s u e  l a y e r .  The 
p o s t e r i o r  i n f u n d ib u l u m  co n v e rg es  i n t o  a n a r ro w  w a l l e d  t u b e  
l i n e d  w i t h  l o n g i t u d i n a l  r i d g e s ,  c o m p r i s in g  g ro o v es  o f  
c i l i a t e d  and s e c r e t o r y  c e l l s ,  and c o n t a i n s  t h e  t h e  
s e c o n d a r y  sperm s t o r a g e  s i t e s ,  t h e  i n f u n d i b u l a r  sperm 
s t o r a g e  t u b u l e s  (Van Drimmelen, 1946; F u j i i  & Tamura, 
1963).  The d u r a t i o n  o f  t h e  p a s s a g e  o f  t h e  ovum t h r o u g h  
t h e  i n f u n d ib u l u m  i s  a p p r o x i m a t e l y  15 t o  30 m in u te s  (Warren 
& S c o t t ,  1934), and f e r t i l i s a t i o n  o c c u r s  h e r e  (Lake, 
1984).  The o u t e r  p e r i v i t e l l i n e  l a y e r  and f i r s t  l a y e r  o f  
a lbumen a r e  s e c r e t e d  by t h e  p o s t e r i o r  p o r t i o n  o f  t h e  
i n f u n d ib u l u m  (Howarth, 1974; B ak s t  & Howarth,  1977b).
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Figure 2. Diagrammatic representation o f  the reproductive tract o f  the fem ale  
chicken.
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The magnum i s  a p p r o x i m a t e l y  320 mm i n  l e n g t h ,  w i t h  a t h i c k  
m ucosal  l a y e r  and w e l l  d e v e lo p e d  m u s c u la r  w a l l .  The 
mucosa i s  r i d g e d  and l i n e d  w i t h  s e c r e t o r y  e p i t h e l i u m  
c o n t a i n i n g  w e l l  d e v e lo p e d  a l b u m e n - s e c r e t i n g  t u b u l a r  
g l a n d s .  P r o t e i n  p r o d u c t i o n  and s e c r e t i o n  a r e  c o o r d i n a t e d  
w i t h  egg f o r m a t io n ,  t h e  d u r a t i o n  o f  s e c r e t i o n  b e in g  
a p p r o x i m a t e l y  3 h o u rs .
Between t h e  magnum and i s th m u s  i s  a n a r ro w  zone w i t h o u t  
g l a n d u l a r  mucosa. The i s th m u s  i s  a p p r o x i m a t e l y  100 mm 
l o n g  w i t h  a r i d g e d  mucosa c o m p r i s in g  c i l i a t e d  s e c r e t o r y  
c e l l s ,  and c o n t a i n i n g  t u b u l a r  g l a n d s  which  s e c r e t e  t h e  
s h e l l  membrane p r o t e i n s .  The egg rem a in s  i n  t h i s  r e g i o n  
f o r  a p p r o x i m a t e l y  one hour.
The u t e r u s  i s  a p p r o x i m a t e ly  60 mm i n  l e n g t h  w i t h  a w e l l  
d e v e l o p e d  m u s c u la tu r e .  The mucosa c o m p r i se s  a c i l i a t e d  
s u r f a c e  e p i t h e l i u m  c o n t a i n i n g  t u b u l a r  g l a n d s  and i s  
o r g a n i s e d  i n  l o n g i t u d i n a l  f o l d s  which  a r e  i n t e r s e c t e d  by 
t r a n s v e r s e  fu r ro w s ,  g i v i n g  a l e a f - l i k e  a p p e a ra n c e .  The 
egg rem a in s  i n  t h e  u t e r u s  f o r  a p p r o x i m a t e l y  20 h o u r s ,  
d u r i n g  which  a c a l c i f i e d  s h e l l  i s  formed.
Between t h e  u t e r u s  and v a g in a  l i e s  t h e  u t e r o v a g i n a l  
j u n c t i o n ,  which m a c r o s c o p i c a l l y  t a k e s  t h e  form o f  a 
s p h i n c t e r ,  b u t  i n  f a c t  co m p r i se s  a s e r i e s  o f  t o r t u o u s  
t i s s u e  c o n v o l u t i o n s  (Bobr e t  a l . . 1965). L o c a te d  w i t h i n
t h e  u t e r o v a g i n a l  j u n c t i o n  a r e  t h e  p r i m a r y  sperm s t o r a g e  
s i t e s  (Bobr e t  a l . , 1964a; F u j i i  & Tamura, 1963).  These
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t a k e  t h e  f o r m  o f  b l i n d  e n d e d  t u b u l e s  w h i c h  a r e
o c c a s i o n a l l y  b r a n c h e d  (Lake, 1967; Burke e t  a l . . 1972),
and a r i s e  as i n v a g i n a t i o n s  o f  t h e  u t e r o v a g i n a l  mucosa, 
o f t e n  from t h e  b a s e  of  mucosal  c r y p t s .  The mucosa and 
c r y p t s  a r e  l i n e d  w i t h  p s e u d o s t r a t i f i e d ,  c i l i a t e d  co lum nar  
e p i t h e l i u m ,  t h e  sperm s t o r a g e  t u b u l e s  (SSTs) c o m p r i s i n g  a 
s i n g l e  l a y e r  o f  co lum nar  c e l l s  c i l i a t e d  a t  t h e  p ro x im a l  
a s p e c t ,  and n o n - c i l i a t e d  d e e p e r  w i t h i n  t h e  t u b u l e .  The 
f i n e  s t r u c t u r e  o f  SST c e l l s  has been  d e s c r i b e d  i n  d e t a i l  
( T i n g a r i  & Lake, 1973; B aks t ,  1987a).
The v a g in a  i s  t h e  most p o s t e r i o r  segment  o f  t h e  
r e p r o d u c t i v e  t r a c t  and s e r v e s  as a c o n d u i t  b e tw een  t h e  
u t e r u s  and t h e  c lo a c a .  I t  v a r i e s  be tw een  80 and 120 mm i n  
l e n g t h  and has a m u sc u la r  w a l l  c o m p r i s in g  an o u t e r  
l o n g i t u d i n a l  l a y e r  and w e l l  d e v e lo p e d  c i r c u l a r  l a y e r .  The 
mucosa c o m p r i s e s  c i l i a t e d  co lum nar  c e l l s .
1. 3. 1. 1. The Ovum
The m e g a l e c i t h a l  c h ic k e n  ovum i s  a p p r o x i m a t e l y  33 mm i n  
d i a m e t e r  a t  o v u l a t i o n  and c o m p r i se s  an an im al  p o l e  and a 
v e g e t a l  p o le .  The an im al  p o l e  a p p e a r s  as a d i s c  
a p p r o x i m a t e l y  4 mm i n  d i a m e t e r  on t h e  s u r f a c e  o f  t h e  ovum 
and c o n t a i n s  t h e  h a p l o i d  n u c l e u s ,  w h i t e  y o l k  s p h e r e s  and 
c l e a r  v a c u o l e s .  The s u r f a c e  o f  t h i s  r e g i o n  i s  bounded by 
a c o n t i n u o u s  p lasm a  membrane from which m i c r o v i l l i  p r o j e c t  
i n t o  t h e  p e r i v i t e l l i n e  s p a c e  (B a k s t  & Howarth, 1977c;
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B ak s t ,  1978). B a k s t  (1978) d e s c r i b e d  3 d i s t i n c t  r e g i o n s  
o f  t h e  g e rm in a l  d i s c ;  t h e  g e rm in a l  c e n t r e ,  t h e
p e r i b l a s t i c  r e g i o n ,  and t h e  o u t e r  p e r i b l a s t i c  r e g i o n .  The
v e g e t a l  p o l e  l a c k s  o r g a n e l l e s  and t h e  oolema i s  
d i s c o n t i n u o u s ,  fo rm in g  few m i c r o v i l l a r  p r o j e c t i o n s .
The p la sm a  membrane o f  t h e  f r e s h l y  o v u l a t e d  ovum i s  
s u r r o u n d e d  by t h e  i n n e r  p e r i v i t e l l i n e  l a y e r ,  which  i s  
p ro d u c e d  by o v a r i a n  g r a n u l o s a  c e l l s  (Kido & Doi, 1988). 
T h is  l a y e r  i s  1-3. 5 ;um t h i c k  and c o m p r i se s  a t h r e e  
d i m e n s i o n a l  n e tw o rk  o f  t h i c k  c y l i n d r i c a l  f i b r e s  ( B e l l a i r s  
e t  a l . . 1963) , t h e  s p a c e s  be tw een  f i b r e s  b e i n g  f i l l e d  w i t h
a ground  s u b s t a n c e  (B aks t  & Howarth, 1977b). The t h i c k  
f i b r e s  o v e r l y i n g  t h e  an im al  p o l e  a r e  t h i n n e r  and more 
numerous t h a n  t h o s e  o v e r l y i n g  t h e  v e g e t a l  p o l e  ( P e r r y  e t  
a l .  , 1978). Kido e t  a l . ( 1975) and Kido & Doi ( 1988) 
i d e n t i f i e d  t h r e e  m a jo r  g l y c o p r o t e i n s  (GPI, GPU, G P I I I )  i n  
t h e  i n n e r  p e r i v i t e l l i n e  l a y e r .  B u r l e y  and V adehra  (1989) 
have  p o s t u l a t e d  t h a t  t h e s e  g l y c o p r o t e i n s  may p e r fo rm  
s i m i l a r  r o l e s  t o  mammalian zona p e l l u c i d a  p r o t e i n s  ZP1, 
ZP2 and ZP3.
The o u t e r  p e r i  v i t e l l i n e  l a y e r  v a r i e s  be tw een  3 and 8. 5 ;um 
i n  t h i c k n e s s  and i s  i n  c o n t a c t  w i t h  t h e  a lbumen ( B e l l a i r s  
e t  a l . . 1963; J e n se n ,  1969). This  l a y e r  c o m p r i se s  a
v a r y i n g  number o f  s u b l a y e r s  c o m p r i s in g  a l a t t i c e - w o r k  
o f  f i n e  f i b r i l s  ( J e n se n ,  1969) and i s
composed m a in ly  o f  lysozyme, v i t e l l i n e  membrane o u t e r  I 
(VMOI), and ovomucin ( s e e  B u r l e y  & Vadehra ,  1989).
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Between t h e  i n n e r  and o u t e r  p e r i v i t e l l i n e  l a y e r s  i s  a t h i n  
membrane a p p r o x i m a t e l y  50-100 nm t h i c k .  This  t a k e s  t h e  
form o f  a u n d u l a t i n g  s h e e t - l i k e  s t r u c t u r e  and i s  known as 
t h e  c o n t i n u o u s  membrane ( B e l l a i r s  e t  a l . . 1953).
B a k s t  and Howarth (1977b) o b s e r v e d  t h e  b a r r i e r - l i k e  
q u a l i t y  o f  t h e  o u t e r  p e r i v i t e l l i n e  l a y e r  w i t h  r e s p e c t  t o  
sperm p e n e t r a t i o n ,  and s u g g e s t e d  t h a t  t h i s  l a y e r  i s  
e i t h e r  i m p e n e t r a b l e  by c h i c k e n  sperm a c r o s i n ,  o r  t h a t  
ovomucin and o t h e r  a lbumen p r o t e i n s  may i n a c t i v a t e  
a c r o s i n ,  i n  a s i m i l a r  f a s h i o n  t o  t h a t  o b s e r v e d  f o r  
s i a l o p r o t e i n s  o f  Cowpers g l a n d  mucin and f e t u i n  on 
c a p a c i t a t e d  r a b b i t  sp e rm atozoa .
1. 3. 1. 2. D i s t r i b u t i o n  o f  I m m u n o g lo b u l in - C o n ta in in g  C e l l s  
T hroughou t  t h e  O v id u c t
The f o l l o w i n g  d e s c r i p t i o n  p r o v i d e s  a n a t o m i c a l  b ack g ro u n d  
i n f o r m a t i o n  r e l a t i n g  t o  work c a r r i e d  o u t  i n  t h i s  s t u d y  t o  
i d e n t i f y  an  im m uno log ica l  b a s i s  f o r  o v i d u c a l  sperm 
s e l e c t i o n  i n  d o m e s t i c  b i r d s .  The t o p i c  o f  sperm s e l e c t i o n  
i s  c o v e r e d  i n  s e c t i o n  1. 3. 3. .
The im m u n o lo g ic a l  s t a t u s  o f  t h e  fem a le  c h i c k e n  
r e p r o d u c t i v e  t r a c t  has  r e c e i v e d  l i t t l e  a t t e n t i o n ,  p r e v i o u s  
work h a v in g  been  c o n ce rn e d  m a in ly  w i t h  m a t e r n a l  
t r a n s m i s s i o n  o f  p a s s i v e  immunity  v i a  t h e  egg (See Kim ij im a  
e t  a l . , 1990).
2 6
K im ij im a  e t  a l . (1990) s t u d i e d  t h e  d i s t r i b u t i o n  o f  
lym pho id  t i s s u e s  and im m unog lobu l in  c o n t a i n i n g  c e l l s ,  and 
t h e  l o c a l i s a t i o n  o f  im m unoglobu l ins  i n  t h e  o v i d u c a l  w a l l s  
o f  l a y i n g  c h i c k e n  hens.  O c c a s io n a l  a c c u m u l a t i o n s  o f  
ly m p h o c y te s  were  i d e n t i f i e d ,  m a in ly  i n  t h e  m id d le  
i n f u n d ib u l u m ,  i s t h m u s ,  u t e r u s  and v a g in a .
The h i g h e s t  c o n c e n t r a t i o n s  o f  im m u n o g lo b u l in  c o n t a i n i n g  
c e l l s  a r e  found  i n  t h e  mucosal  c o n n e c t i v e  t i s s u e  o f  t h e  
magnum and i s th m u s ,  w i t h  I g G - c o n t a i n i n g  c e l l s
p r e d o m i n a t i n g ,  a l t h o u g h  IgG, IgA and IgM a r e  p r e s e n t  i n  
s e c r e t i o n s  t h r o u g h o u t  t h e  o v i d u c t  ( s e e  Kim ij im a  e t  a l . , 
1990). However, IgA and IgG c o n t a i n i n g  c e l l s  a r e  found  i n  
co m p a rab le  numbers i n  t h e  v a g in a  (Kimij ima e t  a l . . 1990).
Im m unog lobu l ins  a r e  a l s o  l o c a l i s e d  i n  s u p e r f i c i a l  
e p i t h e l i a l  c e l l s  (SECs) and g l a n d u l a r  c e l l s  t h r o u g h o u t  t h e  
o v i d u c t .  IgG c o n t a i n i n g  SECs p re d o m in a t e ,  w i t h  l a r g e  
numbers o f  c e l l s  found  i n  t h e  i n f u n d ib u lu m ,  i s th m u s  and 
u t e r u s .
A l th o u g h  h i g h  numbers o f  IgG, IgA and IgM c o n t a i n i n g  
g l a n d u l a r  c e l l s  found  i n  t h e  magnum a r e  b e l i e v e d  t o  be 
m a in ly  i n v o l v e d  i n  t h e  t r a n s f e r  o f  immunity  t o  t h e  egg, 
o t h e r  im m u n o g lo b u l in  c o n t a i n i n g  c e l l s  t h r o u g h o u t  t h e  
o v i d u c t  a r e  b e l i e v e d  t o  p l a y  a r o l e  i n  l o c a l  d e f e n c e  o f  
mucosal  s u r f a c e s  (Kimij ima e t  a l . . 1990).
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P r e v i o u s  work c o n c e n t r a t i n g  on t h e  l o c a l  immune s t a t u s  o f  
t h e  v a g i n a  and u t e r o v a g i n a l  j u n c t i o n  i n  d o m e s t i c  b i r d s  has 
b e en  c a r r i e d  o u t  i n  a t t e m p t s  t o  d e t e r m i n e  t h e  c a u s e  o f  
s e a s o n a l  d e c l i n e  i n  f e r t i l i t y ,  a phenomenon p e c u l i a r  t o  
t u r k e y s ,  i n  which  hen f e r t i l i t y  d e c l i n e s  o v e r  t h e  c o u r s e  
o f  t h e  egg p r o d u c t i o n  seaso n .
K i rk  e t  a l . (1989) o b s e r v e d  ly m p h o cy tes  be tw een  c o n t i g u o u s  
c e l l s  o f  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs and w i t h i n  SST 
lumen from f e r t i l e  and i n f e r t i l e  t u r k e y  h en s ,  and B a k s t  
(1987b)  r e p o r t e d  t h a t  some l u m i n a l  ly m p h o cy tes  c o n t a i n  
c y t o p l a s m i c  IgG. Schupp in  e t  a l . (1984) have  p o s t u l a t e d  
t h a t  SST l u m i n a l  lym phocy tes  may be s u p p r e s s o r  T c e l l s  
which  f u n c t i o n  t o  p r e v e n t  an immune r e s p o n s e  a g a i n s t  
sp e rm a to zo a .
K i rk  e t  a l . (1989) r e p o r t e d  t h e  p r e s e n c e  o f  I g G - c o n t a i n i n g  
c e l l s  n e a r  t h e  b a s a l  l a m in a  o f  t h e  v a g i n a l  e p i t h e l i u m  and 
t h e  p r e s e n c e  o f  IgG on t h e  e p i t h e l i a l  s u r f a c e .
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1. 3. 2. O v i d u c a l  S p e r m  T r a n s p o r t
1. 3. 2. 1. Mammals
I n  mammals, semen i s  d e p o s i t e d  e i t h e r  i n  t h e  v a g i n a  a round  
t h e  e x t e r n a l  c e r v i c a l  os e. g . r a b b i t ,  cow, sh e ep ,  g o a t  and 
man, o r  i n t o  t h e  u t e r i n e  c a v i t y  e. g . p ig ,  h o r s e ,  dog, r a t  
and mouse (Mort imer ,  1978).
V a g in a l  d e p o s i t i o n  i s  fo l lo w e d  a lm o s t  im m e d ia t e l y  by t h e  
p e n e t r a t i o n  o f  c e r v i c a l  mucus by m o t i l e  sp e rm a to z o a ,  a 
p r o c e s s  t h a t  c o n t i n u e s  o v e r  a p e r i o d  o f  s e v e r a l  hou rs  
( O v e r s t r e e t  e t  a l . , 1989). Sperm atozoa  a r e  b e l i e v e d  t o
p r o g r e s s  u s i n g  t h e i r  own m o t i l i t y  ( O v e r s t r e e t  & Katz,  
1990) to w a rd s  t h e  c e r v i c a l  mucosa i n  t h e  d i r e c t i o n  o f  
a l i g n m e n t  o f  t h e  mucin g l y c o p r o t e i n  m o le c u le s  (M a t tn e r ,  
1966), and sp e rm a to z o a  a r e  s u b s e q u e n t l y  found  a s s o c i a t e d  
w i t h  t h e  c e r v i c a l  mucosa (Edey e t  a l . . 1975). Seminal
p la sm a  i s  n o t  t r a n s p o r t e d  from t h e  v a g in a  t o  t h e  u t e r u s  
(Asch e t  a l . . 1977),  i n d i c a t i n g  t h e  i m p o r t a n c e  o f  sperm
m o t i l i t y  i n  p e n e t r a t i o n  and m i g r a t i o n  t h r o u g h  t h e  c e r v i x .
I t  has  b een  s u g g e s t e d  t h a t  t h e  c e r v i x  m igh t  have  a 
f u n c t i o n  i n  sperm s e l e c t i o n  ( O v e r s t r e e t ,  1983; F r e u n d l  e t  
a l .  , 1988; Katz e t  a l . , 1989; Cohen & Gregs on, 1978;
O v e r s t r e e t  e t  a l . , 1989) and may a c t  as a sperm r e s e r v o i r
(M a t tn e r ,  1968; Zinaman e t  a l . . 1989). F u r th e r m o r e ,
t h e r e  i s  e v id e n c e  f o r  t h e  i n i t i a t i o n  o f  c a p a c i t a t i o n  i n  
t h e  c e r v i x  ( O v e r s t r e e t  & Katz,  1990). However, i n  t h e
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r a b b i t ,  w hich  has l i t t l e  c e r v i c a l  mucus, t h e  c e r v i x  may be 
p r i m a r i l y  i n v o l v e d  i n  sperm s e l e c t i o n ,  w i t h  t h e  sperm 
r e s e r v o i r  i n  t h e  v a g in a  ( s e e  O v e r s t r e e t  e t  a l . . 1989).
F o r  s p e c i e s  i n  which semen i s  d e p o s i t e d  i n  t h e  u t e r u s ,  
sperm s e l e c t i o n  and s t o r a g e  may o c c u r  a t  t h e  u t e r i n e  
g l a n d s  and u t e r o t u b a l  j u n c t i o n  ( O v e r s t r e e t  e t  a l . . 1989).
However, i n  most s p e c i e s  t h e  u t e r u s  i s  b e l i e v e d  t o  s e r v e  
as a c o n d u i t  t h r o u g h  which sp e rm a to zo a ,  a t  t h e i r  most 
a c t i v e  i n  t h e  e n t i r e  r e p r o d u c t i v e  t r a c t  (Cooper  e t  a l . , 
1979) , can  a c c e s s  t h e  o v i d u c t .  Sperm atozoa  may r e q u i r e  
v i g o r o u s  f l a g e l l a r  a c t i v i t y  t o  p a s s  t h r o u g h  t h e  u t e r o t u b a l  
j u n c t i o n ,  which  may be t h e  p r im a r y  s i t e  o f  sperm s e l e c t i o n  
i n  s p e c i e s  i n  which semen i s  d e p o s i t e d  i n  t h e  u t e r u s  ( s e e  
H u n te r ,  1974).
The i s th m u s  o f  t h e  o v i d u c t  i s  b e l i e v e d  t o  f u n c t i o n  as a 
sperm r e s e r v o i r  i n  some p r i m a t e s ,  r a b b i t s ,  r o d e n t s ,  p i g s  
and r u m in a n t s  ( s e e  O v e r s t r e e t  e t  a l . . 1989). Movement o f
s p e r m a to z o a  from t h e  i s th m u s  t o  t h e  a m p u l la  i s  d e p e n d e n t  
on o v u l a t i o n  and i s  p r o b a b l y  due t o  a c o m b in a t io n  o f  
h y p e r a c t i v a t e d  sperm m o t i l i t y  and o v u l a t i o n - r e l a t e d
changes  i n  t h e  c o n t r a c t i l i t y  o f  t h e  o v i d u c a l  m u s c u l a t u r e  
( s e e  O v e r s t r e e t  & Katz,  1990).
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1 .  3 .  2 .  2 . D o m e s t i c  B i r d s
D uring  c o p u l a t i o n ,  be tw een  500 and 1500 X 106 sp e r m a to z o a  
a r e  b e l i e v e d  t o  be d e p o s i t e d  i n  t h e  e v e r t e d  p o s t e r i o r  
v a g i n a  (Lake,  1975). Chicken  sp e rm a to z o a  a r e  v i g o r o u s l y  
m o t i l e  upon e j a c u l a t i o n  and r e q u i r e  t o  be m o t i l e  i n  o r d e r  
t o  m i g r a t e  t h r o u g h  t h e  v a g in a  to w a rd s  t h e  u t e r o v a g i n a l  
j u n c t i o n  ( F u j i i  & Tamura, 1963; A l l e n  & Grigg ,  1957; 
S c h i n d l e r  e t  a l . . 1967, Takeda, 1974).
The v a s t  m a j o r i t y  o f  sp e rm a to z o a  r e a c h i n g  t h e  u t e r o v a g i n a l  
j u n c t i o n ,  f o l l o w i n g  e i t h e r  i n t r a v a g i n a l  i n s e m i n a t i o n  o r  
n a t u r a l  m at ing ,  e n t e r  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs and 
a r e  s u b s e q u e n t l y  s t o r e d  t h e r e .  Only v e ry  s m a l l  numbers o f  
s p e r m a to z o a  m i g r a t e  d i r e c t l y  t o  t h e  a n t e r i o r  r e g i o n s  o f  
t h e  o v i d u c t ,  and o n ly  o c c a s i o n a l l y  a r e  s p e r m a to z o a  
o b s e r v e d  i n  t h e  i n f u n d i b u l a r  SSTs f o l l o w i n g  v a g i n a l  
d e p o s i t i o n  (Bobr e t  a l . . 1964a). I t  has b een  shown t h a t
c h i c k e n  sp e rm a to z o a  can  t r a v e r s e  t h e  v a g in a  and e n t e r  t h e  
u t e r o v a g i n a l  j u n c t i o n  SSTs i n  as l i t t l e  as 15 m in u te s  
( A l l e n  & Grigg ,  1957; Bobr e t  a l . . 1964b).  F u r th e r m o r e ,
s m a l l  numbers o f  sp e rm a to z o a  have  been  o b s e r v e d  i n  t h e  
a n t e r i o r  r e g i o n s  o f  t h e  o v i d u c t  one h o u r  f o l l o w i n g  
i n t r a v a g i n a l  i n s e m i n a t i o n  ( A l l e n  & Grigg ,  1957; S a e k i  e t  
a l .  , 1963).
Beyond t h e  u t e r o v a g i n a l  j u n c t i o n ,  sperm t r a n s p o r t  i s  
b e l i e v e d  t o  be p a s s i v e  ( F u j i i  & Tamura, 1963; Van Krey e t  
a l . , 1967).  E v idence  t o  s u p p o r t  t h i s  p o s t u l a t i o n  was
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p r o v i d e d  by A l l e n  and G r ig g  (1957) and S a e k i  e t  
a l . (1963) ,  who o b s e r v e d  t h a t  dead  sp e rm a to z o a  i n t r o d u c e d  
i n t o  t h e  u t e r u s  s u b s e q u e n t l y  a p p e a r e d  i n  more a n t e r i o r  
r e g i o n s  o f  t h e  o v i d u c t .  F u r th e rm o re ,  B a k s t  (1983) 
o b s e r v e d  t h a t  t u r k e y  sp e rm a to z o a  i n s e m i n a t e d  s u r g i c a l l y  
i n t o  t h e  magnum and i n f u n d ib u lu m  d i d  n o t  g e n e r a l l y  move i n  
an a b o v a r i a n  d i r e c t i o n .  P a s s i v e  t r a n s p o r t  o f  sp e r m a to z o a  
t o  t h e  a n t e r i o r  r e g i o n s  o f  t h e  o v i d u c t  i s  b e l i e v e d  t o  be 
due t o  m u sc le  c o n t r a c t i o n s  and c i l i a r y  a c t i v i t y  (Burke  e t  
a l .  , 1969).
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1.  3 .  3 . O v i d u c a l  S p e r m  S e l e c t i o n
1. 3. 3. 1. Mammals
Only a v e r y  sm a l l  f r a c t i o n  o f  sp e rm a to z o a  i n  t h e  mammalian 
e j a c u l a t e  ( < 0 . 001%) r e a c h  t h e  s i t e  o f  f e r t i l i s a t i o n  ( se e  
T h i b a u l t ,  1973; A u s t i n ,  1975). Some s p e r m a to z o a  a r e  
r a p i d l y  e v a c u a t e d  t o  t h e  e x t e r i o r  by mucus f low  and u r i n e  
f l u s h  (A u s t in ,  1975; Morton & G lo v e r ,  1974; O v e r s t r e e t ,  
1983), t h e  m a j o r i t y  o f  t h e  r e m a in d e r  b e in g  e l i m i n a t e d  
d u r i n g  m i g r a t i o n  t h r o u g h  t h e  o v i d u c t .
Many h y p o t h e s e s  have been  advanced  t o  e x p l a i n  t h e  m a s s iv e  
w a s ta g e  o f  mammalian e j a c u l a t e d  sp e rm ato zo a .
Po lysperm y  i s  t h e  e n t r y  o f  s e v e r a l  s p e rm a to z o a  t o  t h e  
ovum, r e s u l t i n g  i n  p o l y p l o i d  z y g o te s ,  which  a r e  e i t h e r  
a r r e s t e d  a t  an e a r l y  s t a g e  o f  deve lo p m en t ,  o r  u n d e rg o  
abnormal  embryonic  deve lopm ent .  I n  mammals, changes  i n  
t h e  egg p la sm a  membrane s u r f a c e  and t h e  p e r m e a b i l i t y  o f  
t h e  zona  p e l l u c i d a ,  f o l l o w i n g  p e n e t r a t i o n  by a s i n g l e  
sp e rm a to zo o n ,  a r e  d e s i g n e d  t o  p r e v e n t  p o ly sp e rm y  ( s e e  
Longo, 1987; A u s t in ,  1975). D e s p i t e  t h i s ,  t h e r e  i s  a l s o  
a r e q u i r e m e n t  t o  c o n t r o l  t h e  numbers o f  s p e r m a to z o a  
r e a c h i n g  t h e  s i t e  o f  f e r t i l i s a t i o n  ( s e e  Longo, 1987).
Symons (1967) s u g g e s t e d  t h a t  sp e rm a to z o a  r e j e c t e d  by t h e  
o v i d u c t  a r e  s e n e s c e n t .  Jo h n so n  (1973) and Hancock (1984) 
have  s u g g e s t e d  t h a t  e x c e s s  sp e rm a to z o a  a r e  removed,
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t h e r e b y  p r e v e n t i n g  im m uno log ica l  s e n s i t i s a t i o n  o f  t h e  
f em a le  t o  t h e  a n t i g e n i c a l l y  f o r e i g n  sp e rm a to zo a .  Cohen 
(1967, 1969, 1973, 1975) has p o s t u l a t e d  t h a t  o v i d u c a l
sperm s e l e c t i o n  may have  a g e n e t i c  b a s i s ,  and t h a t  o n l y  a 
v e r y  s m a l l  s u b p o p u l a t i o n  o f  g e n e t i c a l l y  ' f i t '  s p e rm a to z o a  
a r e  a l l o w e d  t o  p r o c e e d  t o  t h e  s i t e  o f  f e r t i l i s a t i o n .
Baker  and B e i l i s  (1988) i n  t h e i r  'K am ikaze  Sperm'
h y p o t h e s i s ,  have  p o s t u l a t e d  t h a t  sp e rm a to z o a  i n  an im al  
e j a c u l a t e s  a r e  p o ly m o rp h ic  and a d a p t e d  t o  a v a r i e t y  o f  
r o l e s .  Some s p e r a t o z o a  a r e  e g g - f e r t i l i s e r s ,  t h e  r e m a in d e r  
o c c u p y in g  s t r a t e g i c  p o s i t i o n s  i n  t h e  o v i d u c t  where  t h e y  
a t t e m p t  t o  p r e v e n t  t h e  p a s s a g e  o f  s p e rm a to z o a  i n s e m i n a t e d  
by o t h e r  males .  A l th o u g h  some Kamikaze s p e rm a to z o a  may be 
e a s i l y  r e c o g n i s a b l e  e, a . t h o s e  w i t h  abnormal  morphology,
some may be m o r p h o l o g i c a l l y  norm al ,  and e g g - f e r t i l i s e r s  
may d i f f e r  from o t h e r s  o n ly  i n  t h e i r  p h y s i o l o g y  and 
b e h a v i o u r .
A c o n s i d e r a b l e  amount o f  work has been  c a r r i e d  o u t  
i m p l i c a t i n g  t h e  b i o p h y s i c a l  i n t e r a c t i o n  be tw een  mammalian 
s p e rm a to z o a  and t h e  e n v i ro n m en t  o f  t h e  fem ale  r e p r o d u c t i v e  
t r a c t  i n  sperm s e l e c t i o n  ( se e  Mort imer ,  1978; O v e r s t r e e t ,  
1983; Katz e t  a l . . 1989; O v e r s t r e e t  & Katz,  1990),  w i t h
o v i d u c a l  sperm t r a n s p o r t  b e in g  d e p e n d e n t  on t h e  p h y s i c a l  
p r o p e r t i e s  o f  c e r v i c a l  and o v i d u c a l  mucus, t h e  p r o p e r t i e s  
o f  t h e  sperm s u r f a c e ,  and t h e  e f f e c t s  o f  e p i t h e l i a l  
s u r f a c e s  on sperm motion.
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The v i s c o s i t y  o f  c e r v i c a l  mucus and o t h e r  p o l y m e r i c  f l u i d  
s e c r e t i o n s  o f  t h e  o v i d u c t  can  i n f l u e n c e  sperm f l a g e l l a r  
m o t io n  and t h e  p r o p e r t i e s  o f  t h e  sperm s u r f a c e  a r e  known 
t o  i n f l u e n c e  p e n e t r a t i o n  o f  c e r v i c a l  mucus ( s e e  Katz e t  
a l .  , 1989). M o rp h o lo g ic a l  a b n o r m a l i t y  o f  t h e  sperm
s u r f a c e  has been  r e p o r t e d  t o  r e s t r i c t  c e r v i c a l  mucus 
p e n e t r a t i o n  (Hanson & O v e r s t r e e t ,  1981; F r e u n d l  e t  a l . ,
1 9 8 8 )  , p r o b a b l y  due t o  a c o m b in a t io n  o f  i n f e r i o r  m o t i l i t y
and s u r f a c e  i n t e r a c t i o n s  w i t h  mucus m ac ro m o lecu les  ( s e e  
Katz e t  a l . . 1989). I n  t h e  c e r v i x  and lo w e r  o v i d u c t ,
sperm a d h e r e n c e  t o  e p i t h e l i a l  s u r f a c e s  i s  b e l i e v e d  t o  p l a y  
a r o l e  i n  t h e  r e g u l a t i o n  o f  sperm t r a n s p o r t  ( O v e r s t r e e t ,  
1983; S u a rez ,  1987). This  may a l s o  be t h e  c a s e  i n  t h e  
l o w e r  i s th m u s  (Cooper e t  a l . . 1979), c a u d a l  i s th m u s  (Smith
e t  a l . . 1987), and u t e r o t u b a l  j u n c t i o n  (S u a rez ,  1987).
I t  has  been  e s t a b l i s h e d  t h a t  cumulus c e l l s  p l a y  a 
s e l e c t i v e  r o l e  a g a i n s t  abnormal  sp e rm a to z o a  (Katz e t  a l . ,
1 9 8 9 )  , and a s i m i l a r  sperm s e l e c t i n g  r o l e  has  been  
s u g g e s t e d  f o r  t h e  zona p e l l u c i d a  ( s e e  Menkveld e t  a l . ,
1991).
A l a r g e  body o f  e v id e n c e  e x i s t s  f o r  t h e  p r e s e n c e  o f  an 
i m m u n o l o g i c a l l y - b a s e d  o v i d u c a l  sperm s e l e c t i o n  mechanism 
i n  mammals. C in a d e r  and de Week (1976) found  a n t i b o d y  
a c t i v i t y  a g a i n s t  b a c t e r i a ,  v i r u s e s ,  p r o t o z o a ,  ABO b lo o d  
g roup  a n t i g e n s  and sp e rm a to zo a  i n  t h e  u t e r i n e ,  c e r v i c a l  
and v a g i n a l  s e c r e t i o n s  o f  women, and i t  has b e en  known f o r  
some t im e  t h a t  t h e  c e r v i c a l  mucus o f  many mammals c o n t a i n s
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h i g h  c o n c e n t r a t i o n s  o f  I g A  a n d  I g G  ( A u s t i n , 1 9 6 0 ;
B edfo rd ,  1965; P a r i s h  e t  a l . . 1967) which, when bound t o
t h e  sperm s u r f a c e  can  r e s t r i c t  c e r v i c a l  mucus p e n e t r a t i o n  
( s e e  Katz e t  a l . . 1989). P a r i s h  e t  a l . ( 1967)
d e m o n s t r a t e d  a h i g h e r  a n t i b o d y  t i t r e  i n  c e r v i c a l  mucus 
t h a n  i n  b lo o d  serum, s u g g e s t i n g  a l o c a l i s e d  immune 
r e s p o n s e  w i t h i n  t h e  o v id u c t .  This  was c o n f i r m e d  by 
Waldman e t  a l . (1972) and Menge and Behrman (1980) ,  who 
o b s e r v e d  a l o c a l  immune r e s p o n s e  w i t h i n  t h e  o v i d u c t  i n  t h e  
a b s e n c e  o f  a s y s t e m i c  r e s p o n se .
The m a j o r i t y  o f  i n s e m i n a t e d  sp e rm a to z o a  a r e  c o a t e d  by 
a n t i b o d y  i n  t h e  c e r v i x  (A u s t in ,  1960; Symons, 1967;
Cohen & W e r r e t t ,  1975; Cohen & T y le r ,  1980). I t  i s  w e l l  
e s t a b l i s h e d  t h a t  t h e  f a t e  o f  t h e  m a j o r i t y  o f  sp e rm a to z o a  
n o t  m e c h a n i c a l l y  e x p e l l e d  soon  a f t e r  c o p u l a t i o n  o r  by 
a r t i f i c i a l  i n s e m i n a t i o n  i s  p h a g o c y t o s i s  i n  t h e  v a g i n a  
( A u s t in ,  1975),  c e r v i x  (M a t tn e r ,  1969), and u t e r u s  
( A u s t in ,  1960, 1975; Yanagimachi & Chang, 1963). T y l e r
(1977) o b s e r v e d  s p e rm - in d u c e d  c e r v i c a l  l e u k o c y t o s i s  i n  t h e  
r a b b i t  30 m in u te s  a f t e r  m at ing .  Sperm in d u c e d
l e u k o c y t o s i s  has a l s o  been  o b s e r v e d  i n  t h e  r a b b i t  v a g in a  
( P h i l l i p s  & Mahler ,  1977), human c e r v i x  (Pandya & Cohen,
1985),  and c a n i n e  v a g in a  (Cohen, 1988) w i t h i n  a few 
m in u te s  o f  sperm d e p o s i t i o n .  T a y l o r  (1982b) c a r r i e d  o u t  a 
d o u b le  m a t in g  e x p e r im e n t  w i th  r a b b i t s  and o b s e r v e d  t h a t  
s p e r m a to z o a  i n t r o d u c e d  t o  t h e  p r e v i o u s l y  p r im e d  and 
l e u k o c y t e  d o m in a ted  fem ale  r e p r o d u c t i v e  t r a c t  c o u ld  s t i l l  
f e r t i l i s e ,  s u g g e s t i n g  a s e l e c t i v e  p h a g o c y t o s i s .
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Smallcombe and T y l e r  (1980) d e m o n s t r a t e d  t h a t  sperm 
i n d u c e d  l e u k o c y t o s i s  i s  accom panied  by a c o n s i d e r a b l e  
t r a n s f e r  o f  im m unoglobu l ins  from serum i n t o  t h e  v a g i n a l ,  
c e r v i c a l  and u t e r i n e  f l u i d s .  However, Cohen and
McNaughton (1974) ,  Cohen and W e r r e t t  (1975) ,  Cohen and
G regson  (1978) ,  and Cohen and T y l e r  (1980) r e p o r t e d  t h a t  
t h e  f i r s t  few sp e rm a to zo a  t h r o u g h  t h e  c e r v i x  a r e  n o t  
c o a t e d  w i t h  IgG, i n  c o n t r a s t  t o  t h e  m a j o r i t y  o f
s p e r m a to z o a  i n  t h e  e j a c u l a t e .  Such s p e r m a to z o a  a r e  
c o n s i d e r a b l y  more f e r t i l e  t h a n  sp e rm a to z o a  from t h e
e j a c u l a t e ,  o n ly  100-150 n o n - I g G - c o a t e d  sp e rm a to z o a  
r e c o v e r e d  from t h e  o v i d u c t  b e in g  r e q u i r e d  t o  f e r t i l i s e  an 
egg,  compared w i t h  104- 1 0 5 e j a c u l a t e d  sp e rm a to zo a .  
S i n o s i c h  and Saunders  (1987) found  p r e g n a n c y - a s s o c i a t e d  
p la sm a  p r o t e i n  A (PAPP-A), which  i n h i b i t s  l e u k o c y t e
e l a s t a s e ,  on t h e  s u r f a c e  o f  1.7% o f  e j a c u l a t e d
sp e rm a to z o a ,  and have s u g g e s t e d  t h a t  su ch  s p e r m a to z o a  a r e  
s e l e c t e d  t o  overcome l o c a l i s e d  p h a g o c y t i c  p r o t e o l y t i c  
d e g r a d a t i o n .
1. 3. 3. 2. Domestic  B i rds
I n  d o m e s t i c  b i r d s ,  more t h a n  80% o f  a r t i f i c i a l l y
i n s e m i n a t e d  sp e rm a to z o a  a r e  m e c h a n i c a l l y  e j e c t e d  from t h e  
c l o a c a  w i t h i n  15 m inu te s  o f  i n s e m i n a t i o n  (Howarth,  1971) 
w i t h  a p p r o x i m a t e l y  1% o f  i n s e m i n a t e d  s p e rm a to z o a
s u b s e q u e n t l y  found i n  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs 
( B r i l l a r d  & B aks t ,  1990).
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Ova o f  d o m e s t i c  b i r d s  a r e  l a r g e  and can  accommodate some 
su p e rn u m ery  s p e rm a to z o a  w i t h o u t  p o l y p l o i d y  o c c u r r i n g .  
B e k h t in a  (1966) r e p o r t e d  t h e  p r e s e n c e  o f  up t o  
200 sp e rm a to z o a  i n  f e r t i l i s e d  c h i c k e n  eggs.  Numbers 
e x c e e d i n g  200 p e r  egg were r e l a t e d  t o  a h i g h e r  t h a n  normal  
i n c i d e n c e  o f  abnormal  embryonic  deve lopm ent .  I t  has b een  
d e m o n s t r a t e d  t h a t  t h e  i n t r o d u c t i o n  o f  a b n o rm a l ly  h ig h  
numbers o f  c h i c k e n  sp e rm a to zo a  t o  t h e  a n t e r i o r  o v i d u c t  
r e s u l t s  i n  a h i g h  f r e q u e n c y  o f  e a r l y  embryonic  d e a t h  o v e r  
a s u s t a i n e d  p e r i o d  (Ogasawara & Lorenz ,  1966; Lorenz & 
Ogasawara,  1968). F u r th e rm o re ,  Tanaka and Koga (1971) 
a r t i f i c i a l l y  i n s e m i n a t e d  c h i c k e n  hens w i t h  t h e  
u t e r o v a g i n a l  j u n c t i o n  removed and found  a h i g h  i n c i d e n c e  
o f  embryonic  m o r t a l i t y .  However, i t  r em a in s  t o  be 
e l u c i d a t e d  w h e th e r  i n c r e a s e d  embryonic  m o r t a l i t y  o b s e r v e d  
i n  su ch  e x p e r im e n t s  i s  due t o  t h e  number o r  q u a l i t y  o f  
s p e r m a to z o a  a t  t h e  s i t e  o f  f e r t i l i s a t i o n .
L i t t l e  work has been c a r r i e d  o u t  t o i d e n t i f y t h e
p h y s i o l o g i c a l b a s i s  o f o v i d u c a l  sperm s e l e c t i o n i n
d o m e s t i c  b i r d s .  T r a d i t i o n a l l y  t h e  u t e r o v a g i n a l  j u n c t i o n  
SSTs have been  r e g a r d e d  as s e l e c t i v e  w i t h  r e s p e c t  t o  t h e  
sp e rm a to z o a  which e n t e r  them, s i n c e  s u b f e r t i l e  sp e rm a to z o a  
have  p o o r  a c c e s s  t o  t h e s e  t u b u l e s  i n - v i v o  ( A l l e n  & Bobr, 
1955; A l l e n  & Grigg ,  1957; Ogasawara e t  a l . . 1966; B ak s t  & 
B i rd ,  1987). Sperm morphology has been  s u g g e s t e d  as a 
b a s i s  f o r  sperm s e l e c t i o n  a t  t h e  u t e r o v a g i n a l  j u n c t i o n  
SSTs (Ogasawara e t  a l . . 1966), as has t h e  i d e a  o f  a
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r e c o g n i t i o n  sy s te m  be tw een  t h e  SSTs and t h e  sperm s u r f a c e  
(Lake & Rav ie ,  1988).
B a k s t  (1989) and Takeda (1974) have  s u g g e s t e d  t h a t  an 
e le m e n t  o f  sperm s e l e c t i o n  m ight  t a k e  p l a c e  w i t h i n  t h e  
v a g in a .  Takeda (1974) s u g g e s t e d  t h a t  sperm s e l e c t i o n  i n  
t h e  c h i c k e n  o v i d u c t  i s  b a se d  on m o t i l i t y .  However,
a l t h o u g h  u n d e r  some e x p e r i m e n t a l  c o n d i t i o n s  t h e  m o t i l i t y  
o f  c h i c k e n  sp e rm a to z o a  m easured  i n - v i t r o  can  be h i g h l y  
c o r r e l a t e d  w i t h  t h e i r  f e r t i l i s i n g  a b i l i t y  i n - v i v o  ( W is h a r t  
& Palmer ,  1985),  e v id e n c e  a l s o  e x i s t s  t o  s u g g e s t  t h a t  
m o t i l i t y  can  rem a in  r e l a t i v e l y  unchanged w h i l e  f e r t i l i s i n g  
a b i l i t y  i s  d i m i n i s h e d  o r  t o t a l l y  a b s e n t .  C o n d i t i o n s  
r e s u l t i n g  i n  su ch  o b s e r v a t i o n s  i n c l u d e ^  - i r r a d i a t i o n  o f  
s p e r m a to z o a  (W ish a r t  & Dick, 1985), t r e a t m e n t  o f  
s p e r m a to z o a  w i t h  n e u r a m in id a s e  (Froman & T h u r s to n ,  1984; 
Lake & Ravie ,  1988; Froman & Engel ,  1989; Howarth, 
1989),  a e r o b i c  i n c u b a t i o n  l e a d i n g  t o  l i p i d  p e r o x i d e  
f o r m a t i o n  by sp e rm a to z o a  (W ish a r t ,  1984b), and 
i n t r a v a g i n a l  i n s e m i n a t i o n  o f  t e s t i c u l a r  sp e rm a to z o a  
(Munro, 1938b; Howarth, 1983). I n  some o f  t h e s e  c a s e s
l o s s  o f  f e r t i l i s i n g  a b i l i t y  may be a s u r f a c e  phenomenon: 
t h e  s i t e  o f  n e u ra m in id a s e  a c t i v i t y  i s  p r o b a b l y  t e r m i n a l  
s i a l i c  a c i d  r e s i d u e s  on sperm s u r f a c e  g l y c o p r o t e i n s  
(Froman & Engel ,  1989), and t e s t i c u l a r  sp e rm a to z o a  p r e s e n t  
a s u r f a c e  which i s  a n t i g e n i c a l l y  d i s s i m i l a r  t o  t h a t  o f  
e j a c u l a t e d  sp e rm a to zo a  (Esponda & Bedford ,  1985).
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1 .  3 .  4 . O v i d u c a l  S p e r m  S t o r a g e
1. 3. 4. 1. Mammals
The p e r i o d s  d u r i n g  which sp e rm a to z o a  m a i n t a i n  t h e i r  
f e r t i l i t y  and v i a b i l i t y  i n  t h e  mammalian o v i d u c t  a r e  
e x t r e m e l y  v a r i a b l e  be tw een  s p e c i e s .  Spe rm atozoa  from some 
s p e c i e s  l o s e  t h e i r  f e r t i l i s i n g  a b i l i t y  q u i c k l y  e. a . mouse 
(6 h o u r s ) ,  r a t  (14 h o u r s )  and h a m s te r  (21 h o u r s ) ,  b u t  
most , i n c l u d i n g  b o v in e ,  p o r c i n e ,  o v in e ,  r a b b i t  and f e r r e t  
s p e r m a to z o a  re m a in  f e r t i l e  f o r  up t o  48 h o u rs  i n  t h e
o v i d u c t  (B landau,  1969). This  p e r i o d  i s  e x te n d e d  t o  
a ro u n d  80 h o u rs  f o r  human ( s e e  Zinaman e t  a l . . 1989),
120 h o u rs  f o r  l l a m a  ( s e e  T h i b a u l t ,  1973),  144 h o u rs  f o r
e q u in e  (Blandau,  1969) and 168 ho u rs  f o r  c a n i n e  ( se e  
T h i b a u l t ,  1973) sp e rm ato zo a .  Loss o f  f e r t i l i s i n g  a b i l i t y  
g e n e r a l l y  p r e c e d e s  l o s s  o f  sperm v i a b i l i t y .  F o r  example ,  
m o t i l e  human sp e rm a to z o a  have been  r e c o v e r e d  from t h e
c e r v i x  8 days a f t e r  c o i t u s  ( s e e  Zinaman e t  a l . . 1989) and
b o v in e  sp e rm a to z o a  have been  s i m i l a r l y  r e c o v e r e d  4 days 
f o l l o w i n g  i n s e m i n a t i o n  (Blandau,  1969). P r o lo n g e d  sperm 
s t o r a g e  i s  o b s e r v e d  i n  t h e  h a r e  (>41 days;  s e e  T h i b a u l t ,  
1973) and i n  a few s p e c i e s  o f  b a t  which  mate i n  autumn and 
o v u l a t e  i n  s p r i n g  (Racey, 1973).
Mammalian sp e rm a to z o a  a r e  s t o r e d  a t  v a r i o u s  o v i d u c a l  
s i t e s ,  i n c l u d i n g  t h e  i s th m u s  e. q . l l a m a ;  u t e r o t u b a l  
j u n c t i o n  e. a . h a r e ,  cow; u t e r i n e  lumen e. a . p i p i s t r e l l e  
b a t ,  dog; and u t e r i n e  g l a n d s  e. q . dog, b a t ,  g u i n e a  p i g ,
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mouse, s t o a t ,  ewe and cow ( s e e  T h i b a u l t ,  1973). 
F u r th e r m o r e ,  t h e  m u c u s - f i l l e d  c e r v i x  i s  c o n s i d e r e d  t o  he a 
sperm r e s e r v o i r  i n  d o m e s t i c  farm a n im a ls  and p r i m a t e s  ( s e e  
O v e r s t r e e t  e t  a l . . 1989) , i n c l u d i n g  women (Zinaman e t  a l . . 
1989) . However, a n a t o m i c a l  d i f f e r e n t i a t i o n  o f  s t o r a g e  
s i t e s  has  o n ly  been  d e s c r i b e d  i n  t h e  c a m e l id a e  e. a . 
l l a m a ,  i n  which  t h e  e n l a r g e d  t u b a l  i s th m u s  a c t s  as a sperm 
r e s e r v o i r  ( s e e  T h i b a u l t ,  1973).
1. 3. 4. 2. Domestic  B i rd s
C h ick e n  sp e rm a to z o a  a r e  b e l i e v e d  t o  g a i n  e n t r y  t o  
u t e r o v a g i n a l  j u n c t i o n  SSTs by a c o m b in a t io n  o f  t h e i r  own 
m o t i l i t y  and c i l i a r y  a c t i v i t y  a t  t h e  o r i f i c e  o f  t h e  SSTs 
(J.  P. B r i l l a r d ,  p e r s o n a l  com m unica t ion) .  Sperm s t o r a g e  
a t  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs i n  c h ic k e n s  p r o v i d e s  an 
e x t e n d e d  f e r t i l e  p e r i o d  o f  a ro u n d  19 days ( s e e  T h i b a u l t ,  
1973).
B a k s t  and R ic h a rd s  (1985) p o s t u l a t e d  t h a t  p r o l o n g e d  
s u r v i v a l  o f  sp e rm a to z o a  i n  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs 
may i n v o l v e  t h e  r e v e r s i b l e  s u p p r e s s i o n  o f  sperm m e tab o l i sm  
and m o t i l i t y ,  s t a b i l i s a t i o n  o f  p lasm a and a c ro so m a l  
membranes, i n h i b i t i o n  o f  ac rosom al  enzymes, and 
s u p p r e s s i o n  o f  an  immune r e s p o n s e  t o  t h e  c e l l s .  The SST 
c e l l s  a r e  b e l i e v e d  t o  s u p p ly  o x i d i s a b l e  s u b s t r a t e s  t o  t h e  
sp e r m a to z o a  and t o  remove t h e  w a s te  p r o d u c t s  o f  sperm
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m e ta b o l i sm  (Van Krey e t  a l . . 1967; F u j i i ,  1963; F r i e s s
e t  a l . . 1978) , p r o b a b l y  v i a  d i f f u s i o n  o f  s e c r e t i o n s .
Sperm atozoa  s t o r e d  i n  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs a r e  
i m m o t i l e  (B ak s t ,  1987a) and a r e  o r i e n t a t e d  t o w a rd s  t h e  
b a se  o f  t h e  SST, e x h i b i t i n g  head  t o  head  a g g l u t i n a t i o n  
(Van Krey e t  a l . . 1981). These a u t h o r s ,  and more r e c e n t l y  
Froman and T h u r s t o n  (1984) ,  Froman and Engel  (1989) ,  and 
Howarth (1989) have s u g g e s t e d  t h a t  a g g l u t i n a t i o n  may be 
t h e  b a s i c  mechanism c o n t r o l l i n g  sperm s t o r a g e .
T here  have  been  c o n f l i c t i n g  r e p o r t s  r e g a r d i n g  t h e  t i m i n g  
o f  r e l e a s e  o f  sp e rm a to zo a  from t h e  u t e r o v a g i n a l  j u n c t i o n  
SSTs. Van Krey ( 1964) and Bobr e t  a l . ( 1964b) s u g g e s t e d  
t h a t  r e l e a s e  o f  sp e rm a to zo a  i s  r e s t r i c t e d  t o  t h e  p e r i o d  
im m e d ia t e l y  f o l l o w i n g  o v i p o s i t i o n .  However, Burke and 
Ogasawara (1969) r e p o r t e d  t h e  p r e s e n c e  o f  s p e r m a to z o a  i n  
t h e  v a g i n a l  f l u i d s  o f  hens b e f o r e  and a f t e r  o v i p o s i t i o n ,  
and B a k s t  (1981) r e p o r t e d  t h e  p r e s e n c e  o f  s p e r m a to z o a  i n  
t h e  lumen o f  t h e  t u r k e y  o v i d u c t  i r r e s p e c t i v e  o f  t h e  s t a g e  
o f  t h e  o v u l a t o r y  c y c l e ,  s u g g e s t i n g  a c o n t in u o u s  r e l e a s e .
G r ig g  (1957) s u g g e s t e d  t h a t  sperm r e l e a s e  from t h e  
i n f u n d i b u l a r  SSTs i s  due t o  s t r e t c h i n g  o f  t h e  o v i d u c t  by 
p a s s a g e  o f  t h e  ovum. However, Van Krey (1964) 
d e m o n s t r a t e d  t h a t  t h i s  i s  n o t  t h e  c a se  r e g a r d i n g  sperm 
r e l e a s e  from t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs. Van Krey e t  
a l . ( 1967) r e p o r t e d  a l a c k  o f  m y o e p i t h e l i a l  c e l l s  
a s s o c i a t e d  w i t h  t h e  SSTs, r u l i n g  o u t  t u b u l a r  c o n t r a c t i o n
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as a sperm r e l e a s i n g  mechanism. Z a v a l e t a  and Ogasawara 
(1987) have s u g g e s t e d  t h a t  sp e rm a to z o a  a r e  g e n t l y  f l u s h e d  
o u t  o f  SSTs w i t h  t h e i r  f l a g e l l a e  fo r e m o s t  (Van Krey, 1964) 
d u r i n g  p e r i o d i c  peaks  o f  SST s e c r e t o r y  a c t i v i t y .
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1 .  3 .  5 . C a o a c i t a t i o n
1. 3. 5. 1. Mammals
I n  a d d i t i o n  t o  s p e r m a t o g e n e s i s  and e p id id y m a l  m a t u r a t i o n ,  
mammalian s p e r m a to z o a  r e q u i r e  an  a d d i t i o n a l  p h a se  o f  
m a t u r a t i o n  w i t h i n  t h e  fem ale  r e p r o d u c t i v e  t r a c t  b e f o r e  
t h e y  can  acrosom e r e a c t  and f e r t i l i s e  ova ( s e e  A u s t in ,  
1951; Yanagim achi ,  1981; Moore & Bedford ,  1983).  This  
m a t u r a t i o n  p r o c e s s ,  t e rm ed  c a p a c i t a t i o n ,  e n t a i l s  a s e r i e s  
o f  b i o c h e m i c a l  and b i o p h y s i c a l  ch anges ,  i n c l u d i n g  t h e  
d ev e lo p m e n t  o f  h y p e r a c t i v a t e d  m o t i l i t y  ( s e e  Yanagimachi,
1981),  i n c r e a s e  i n  p lasm a membrane p e r m e a b i l i t y  t o  Ca2+ 
(S in g h  e t  a l . . 1978),  a c t i v a t i o n  o f  a d e n y l a t e  c y c l a s e  and
a c ro so m a l  enzymes ( s e e  Clegg, 1983), m o d i f i c a t i o n  o f  t h e  
sperm  p lasm a  membrane i n c l u d i n g  r e a r r a n g e m e n t  o f  p lasm a  
membrane a n t i g e n s  and o t h e r  components  (K o e h le r ,  1978),  
l o s s  o f  s u r f a c e  a s s o c i a t e d  i n h i b i t o r y  components ( F r a s e r ,  
1984) ,  changes  i n  p lasm a  membrane p h o s p h i l i p i d  c o m p o s i t i o n  
(Davis  e t  a l . . 1980),  a d e c r e a s e  i n  n e t  n e g a t i v e  s u r f a c e
c h a r g e  ( s e e  Longo, 1987) , and changes  i n  l e c t i n  b i n d i n g  t o  
t h e  sperm s u r f a c e  (Koeh le r ,  1978; Cross  & O v e r s t r e e t ,  
1987). I t  has  b e en  s u g g e s t e d  t h a t  e l e v a t e d  Ca2+ l e v e l s  
may r e g u l a t e  m o d i f i c a t i o n  o f  t h e  sperm p lasm a  membrane and 
a c ro so m a l  membrane, t h e  a c t i v i t i e s  o f  a c r o s i n  and 
a d e n y l a t e  c y c l a s e ,  and sperm m o t i l i t y ,  v i a  c a l m o d u l i n  ( s e e  
Longo, 1987).
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The s i t e  o f  sperm c a p a c i t a t i o n  i n  mammals v a r i e s  among 
s p e c i e s .  I n  s p e c i e s  where semen i s  d e p o s i t e d  i n  t h e  
u t e r u s ,  c a p a c i t a t i o n  o c cu rs  p r i m a r i l y  i n  t h e  o v i d u c t  
(Moore & B edford ,  1983). Where semen i s  d e p o s i t e d  i n  t h e  
v a g in a ,  c a p a c i t a t i o n  s t a r t s  t h e r e  and c o n t i n u e s  as 
s p e r m a to z o a  m i g r a t e  t o  t h e  a n t e r i o r  r e g i o n s  o f  t h e  o v i d u c t  
(Zinaman e t  a l . . 1989).
1. 3. 5. 2. Domest ic  B i rd s
The s i t u a t i o n  r e g a r d i n g  c a p a c i t a t i o n  i n  d o m e s t i c  b i r d s  i s  
b e l i e v e d  t o  be e n t i r e l y  d i f f e r e n t  from t h a t  known t o  e x i s t  
i n  mammals. O l se n  and Neher (1948) ,  and l a t e r  Bobr e t  a l . 
(1964b) and Nishiyama e t  a l . (1968) o b s e r v e d  t h a t  
s p e r m a to z o a  i n s e m i n a t e d  d i r e c t l y  i n t o  t h e  i n f u n d ib u l u m  
j u s t  p r i o r  t o  o v u l a t i o n  f e r t i l i s e d  eggs.  Howarth (1971) 
o b t a i n e d  f e r t i l i s e d  newly o v u l a t e d  c h i c k e n  ova from a 
15 m in u te  i n c u b a t i o n  w i t h  sp e rm a to z o a  i n - v i t r o . This  was 
r e p e a t e d  by F u j i h a r a  e t  a l . ( 1973), and by Howarth and 
P a lm er  (1972) f o r  t u r k e y ,  s u g g e s t i n g  t h a t  c a p a c i t a t i o n  i s  
n o t  a r e q u i r e m e n t  f o r  sp e rm a to zo a  from d o m e s t i c  b i r d s .  I n  
s u p p o r t  o f  t h i s  h y p o t h e s i s ,  Dukelow e t  a l . (1967) f a i l e d  
t o  f i n d  a d e c a p a c i t a t i o n  f a c t o r  i n  r o o s t e r  semen.
The p o s s i b i l i t y  o f  p a r t h e n o g e n e s i s  r e s u l t i n g  from i n - v i t r o  
f e r t i l i s a t i o n  seems u n l i k e l y ,  g i v e n  t h a t  O l se n  (1966) 
r e p o r t e d  t h a t  o n ly  4 o u t  o f  5931 eggs e x h i b i t e d  
p a r t h e n o g e n e t i c  development .
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1.  3 .  6 . S p e r m - E g g  I n t e r a c t i o n
1. 3. 6. 1. Mammals
The mammalian zona p e l l u c i d a  c o m p r i s e s  t h r e e  
g l y c o p r o t e i n s ,  ZP1, ZP2 and ZP3, i n  an i n t e r c o n n e c t e d  
t h r e e  d i m e n s i o n a l  l a t t i c e  ( s e e  Wassarman, 1992).
I n - v i t r o  s t u d i e s  have d e m o n s t r a t e d  t h e  p r e s e n c e  o f  
r e c e p t o r s  on t h e  sperm plasm a membrane f o r  zona  components 
( S t o r e y  e t  a l . . 1984), l o c a t e d  o v e r  t h e  e q u a t o r i a l  and 
p o s t a c r o s o m a l  r e g i o n s  (O'Rand & F i s h e r ,  1987). 
Spe rm atozoa  u n d e rg o  t h e  acrosome r e a c t i o n ,  a form o f  
c e l l u l a r  e x o c y t o s i s  r e q u i r e d  f o r  s p e rm a to z o a  t o  p e n e t r a t e  
t h e  zona p e l l u c i d a  and f u s e  w i t h  t h e  egg p la sm a  membrane 
a f t e r  b i n d i n g  t o  t h e  zona p e l l u c i d a  ( S t o r e y  e t  a l . . 1984; 
Wassarman, 1992). ZP3 i s  r e s p o n s i b l e  f o r  s p e r m - b i n d i n g  
and i n d u c t i o n  o f  t h e  acrosome r e a c t i o n  ( B l e i l  & Wassarman, 
1980, 1983; F lorman & Wassarman, 1985). However, t h e r e  
i s  e v id e n c e  t o  s u g g e s t  t h a t  s p e rm a to z o a  from some s p e c i e s  
may und e rg o  t h e  acrosome r e a c t i o n  p r i o r  t o  zona  p e l l u c i d a  
b i n d i n g  (Huang e t  a l . . 1981).
Sperm r e c e p t o r  a c t i v i t y  o f  ZP3 i s  d e p e n d e n t  upon i t s  
c a r b o h y d r a t e  c o n t e n t ,  whereas  t h e  i n d u c t i o n  o f  t h e  
acrosome r e a c t i o n  i s  d e p e n d e n t  upon t h e  p o l y p e p t i d e  c h a i n  
a l s o  (Florm an e t  a l . . 1984; F lorman & Wassarman, 1985).
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Mouse sp e rm a to z o a  p o s s e s s  g a l a c t o s y l t r a n s f e r a s e  which  i s  
a c t i v a t e d  d u r i n g  c a p a c i t a t i o n  ( s e e  Shur, 1989). G a l a c t o s e  
r e s i d u e s  a r e  l o s t  from t h e  a c t i v e  s i t e  o f  t h e  enzyme, 
a l l o w i n g  zona p e l l u c i d a  b i n d i n g ,  p r o b a b l y  t o  O - l i n k e d  
o l i g o s a c c h a r i d e s  c o v a l e n t l y  bound t o  ZP3 (F lo rm an  e t  a l . , 
1984; F lorm an & Wassarman, 1985). Acrosome r e a c t e d  
s p e r m a to z o a  b i n d  t o  ZP2 i n  t h e  mouse ( s e e  Wassarman,
1992).
E n t r y  o f  t h e  sp e rm a to zo o n  t o  t h e  egg i s  f o l l o w e d  by a 
r a p i d  d e p o l a r i s a t i o n  o f  t h e  egg p lasm a membrane, which  
r e d u c e s  t h e  r e c e p t i v i t y  o f  t h e  egg t o  f u r t h e r  sperm 
f u s i o n ,  and c o n s t i t u t e s  t h e  r a p i d ,  p a r t i a l  b l o c k  t o  
p o ly sp e rm y  ( s e e  Longo, 1987). This  i s  f o l l o w e d  by t h e  
d i s c h a r g e  o f  v e s i c l e s  from t h e  egg c o r t e x  - t h e  c o r t i c a l  
g r a n u l e  r e a c t i o n .  P e r o x i d a s e  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
c o r t i c a l  g r a n u l e s  a l t e r s  t h e  zona  p e l l u c i d a ,  making i t  
more r e s i s t a n t  t o  s o l u b i l i s a t i o n  (Schmell  & G ulyas ,  1980). 
I n  t h e  mouse, ZP3 and ZP2 a r e  i n a c t i v a t e d  as p r i m a r y  and 
s e c o n d a r y  r e c e p t o r s .  ZP3 i s  m o d i f i e d  by a c o r t i c a l  
g r a n u l e  g l y c o s i d a s e  and ZP2 i s  m o d i f i e d  by a c o r t i c a l  
g r a n u l e  p r o t e a s e  ( s e e  Wassarman, 1992).
The p r o t e i n s  on t h e  sperm s u r f a c e  r e s p o n s i b l e  f o r  zona  
p e l l u c i d a  and egg p lasm a membrane b i n d i n g  have  n o t  y e t  been  
i d e n t i f i e d .  However, i n  t h e  mouse, e v id e n c e  e x i s t s  f o r  
t h e  l o c a t i o n  o f  t h e  ZP3 b i n d i n g  p r o t e i n  i n  t h e  
p lasm a  membrane o v e r l y i n g  t h e  sperm head, and t h e  ZP2
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b i n d i n g  p r o t e i n  i n  t h e  i n n e r  and o u t e r  a c ro so m a l  membrane 
( s e e  Wassarman, 1992).
1. 3. 6. 2. Domestic  B i rd s
L i t t l e  i s  known a b o u t  sp e rm -eg g  i n t e r a c t i o n  i n  d o m e s t i c  
b i r d s .  B e l l a i r s  e t  a l . (1963) and F u j i i  (1976) s u g g e s t e d  
t h a t  c h i c k e n  sp e rm a to zo a  m ig h t  p e n e t r a t e  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  by p a s s i n g  be tw een  t h e  f i b r e s  
c o m p r i s i n g  t h i s  i n v e s tm e n t .  However, B a k s t  & Howarth 
(1977b)  i d e n t i f i e d  a g round s u b s t a n c e  o c c u p y in g  t h e  
a p p a r e n t  s p a c e s  be tw een  f i b r e s .
C h ick en  sp e rm a to z o a  p o s s e s s  a c ro so m a l  t r y p s i n - l i k e  enzymic 
a c t i v i t y  (L an g fo rd  & Howarth, 1974; Brown & H a r t r e e ,  
1976),  which  h y d r o l y s e s  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  o f  
t h e  egg (Ho & M eize l ,  1975; B aks t  & Howarth, 1977b; 
Okamura & Nishiyama,  1978). The i n n e r  p e r i v i t e l l i n e  l a y e r  
o f  t h e  egg i s  b e l i e v e d  t o  p rom ote  t h e  acrosom e r e a c t i o n  
(Koyanagi e t  a l . . 1988), w i t h  t h e  s u b s e q u e n t  d i g e s t i o n  o f
a pa thw ay t o  t h e  egg p lasm a membrane (B a k s t  & Howarth, 
1977b; Okamura & Nishiyama, 1978). The i n n e r
p e r i v i t e l l i n e  l a y e r  o v e r l y i n g  t h e  an im al  p o l e  i s  r e p o r t e d  
t o  be p r e f e r e n t i a l l y  h y d r o l y s e d  i n - v i t r o  (Howarth & Digby, 
1973; Ho & M eize l ,  1975; B a k s t  & Howarth,  1977b),
a l t h o u g h  t h e r e  i s  no a p p a r e n t  d i f f e r e n c e  i n  t h e  
c o m p o s i t i o n  o f  t h e  an im al  and v e g e t a l  p o l e s  (B a k s t  & 
Howarth, 1977b).
4 8
B a s e d  o n  r e s u l t s  o b t a i n e d  f r o m  t h e  i n - v i t r o  i n c u b a t i o n  o f
c h i c k e n  sp e rm a to z o a  w i th  i n n e r  p e r i v i t e l l i n e  l a y e r  
i s o l a t e d  from c h ic k e n  eggs,  Howarth (1990) has s u g g e s t e d  
t h a t  i n  t h e  c h ic k e n ,  spe rm -egg  i n t e r a c t i o n  i s  a s p e c i f i c ,  
r e c e p t o r - m e d i a t e d  p r o c e s s .  F u r th e rm o re ,  Howarth (1992) 
has  r e c e n t l y  r e p o r t e d  t h e  in v o lv e m e n t  o f  N- and O- l i n k e d  
o l i g o s a c c h a r i d e s  on i n n e r  p e r i v i t e l l i n e  l a y e r  components ,  
i n  sp e rm -eg g  i n t e r a c t i o n .
B a k s t  and Howarth ( 1977b) have  p o s t u l a t e d  t h a t  t h e  o u t e r  
p e r i  v i t e l l i n e  l a y e r  may have a r o l e  i n  b l o c k i n g  
p a t h o l o g i c a l  po lysperm y.
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1. 4. I n t e r s p e c i e s  F e r t i l i s a t i o n
1. 4. 1. Mammals
S p e c ie s  s p e c i f i c i t i e s  a r e  b e l i e v e d  t o  e x i s t  a t  a l l  l e v e l s  
i n  t h e  r e p r o d u c t i v e  p r o c e s s ,  t h e  s t r i c t e s t  b e in g  
g e o g r a p h i c a l  i s o l a t i o n  and m a t in g  b e h a v i o u r  o f  d i f f e r e n t  
s p e c i e s  (O'Rand, 1986), and f e r t i l i s a t i o n  does n o t  
n o r m a l ly  o c c u r  be tw een  i n t a c t  gametes o f  p h y l o g e n e t i c a l l y  
d i s t a n t  s p e c i e s  (Roldan  & Yanagimachi,  1989). However, 
s t r i c t  s p e c i f i c i t y  does n o t  a p p e a r  t o  e x i s t  a t  t h e  l e v e l  
o f  gamete  i n t e r a c t i o n  (O'Rand, 1988),  and i t  i s  b e l i e v e d  
t h a t  t h e  more c l o s e l y  r e l a t e d  a r e  t h e  s p e c i e s ,  t h e  g r e a t e r  
a r e  t h e  ch an ces  o f  c r o s s - f e r t i l i s a t i o n  o c c u r r i n g  (Maddock 
& Dawson, 1974; Roldan  e t  a l . . 1985).
H e te r o lo g o u s  c o m b in a t io n s  be tw een  mouse, r a t ,  S y r i a n  
h a m s te r  o r  r a b b i t  gametes do n o t  r e s u l t  i n  f e r t i l i s a t i o n  
i n - v i t r o  (Dickmann, 1962; Yanagimachi,  1964, 1972; 
B a r ro s ,  1968; Hanada & Chang, 1976) ,  a l t h o u g h  
h e t e r o l o g o u s  f e r t i l i s a t i o n  can  o c c u r  from t h e  i n t e r a c t i o n  
o f  gametes from c l o s e l y  r e l a t e d  s p e c i e s  i n - v i t r o  o r  
i n - v i v o  (Maddock & Dawson, 1974; Roldan  e t  a l . . 1985).
I n  s p e c i e s  w i t h  i n t e r n a l  f e r t i l i s a t i o n ,  h e t e r o l o g o u s  
gamete  c o m b in a t io n s  a r e  a lways l e s s  s u c c e s s f u l  t h a n  
homologous gamete  c o m b in a t io n s  (Roldan  e t  a l . . 1985) and 
t h e  fem a le  r e p r o d u c t i v e  t r a c t  i s  b e l i e v e d  t o  p l a y  an 
i m p o r t a n t  r o l e  as a b a r r i e r  t o  i n t e r s p e c i e s  f e r t i l i s a t i o n
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( s e e  O' Rand, 1988) , p o s s i b l y  due t o  t h e  e f f e c t  o f  
i n t e r a c t i o n s  o f  sp e rm a to zo a  w i th  t h e  fem a le  e n v i ro n m e n t  on 
sperm  v i a b i l i t y ,  t h e  t i m i n g  o f  c a p a c i t a t i o n ,  and t h e  
t i m i n g  o f  t h e  acrosome r e a c t i o n  (Cummins & Yanagim achi ,  
1986; Smith  e t  a l . , 1988).
B a r r i e r s  t o  i n t e r s p e c i e s  f e r t i l i s a t i o n  e x i s t  a t  b o t h  t h e  
zona  p e l l u c i d a  and t h e  p lasma membrane (Yanagimachi,  1977; 
Hanada & Chang, 1978),  a l t h o u g h  i n  many mammalian s p e c i e s  
e. cr. S y r i a n  h a m s te r ,  r a t  and r a b b i t ,  s p e c i e s  s p e c i f i c i t y  
o c c u r s  p r i m a r i l y  a t  t h e  zona p e l l u c i d a ,  b u t  l e s s  so  a t  t h e  
p la sm a  membrane (Yanagimachi,  1972; Yanagimachi  e t  a l . , 
1976; Hanada & Chang, 1976; Roldan  & Yanagimachi ,  1989). 
The o p p o s i t e  s i t u a t i o n  a p p l i e s  t o  C h in ese  h a m s te r  eggs ,  i n  
which  t h e  p lasm a membrane c o n s t i t u t e s  t h e  main b a r r i e r  t o  
i n t e r s p e c i e s  f e r t i l i s a t i o n  (Roldan & Yanagimachi ,  1989). 
I n  o t h e r  mammals, e. q . c l o s e l y  r e l a t e d  deermouse  s p e c i e s ,  
i n t e r s p e c i e s  f e r t i l i s a t i o n  r e a d i l y  o c c u r s  (Fukuda e t  a l . , 
1979), s u g g e s t i n g  l i m i t e d  s p e c i e s  s p e c i f i c i t y  a t  b o t h  t h e  
zona  p e l l u c i d a  and p lasm a membrane.
1. 4. 2. Domestic  B i rd s
I n  d o m e s t i c  b i r d s  t h e r e  has as y e t  been  no i n v e s t i g a t i o n  
o f  b a r r i e r s  t o  i n t e r s p e c i e s  f e r t i l i s a t i o n  a t  t h e  l e v e l  o f  
s p e r m - o v i d u c t  i n t e r a c t i o n  o r  sp e rm -eg g  i n t e r a c t i o n ,  e x c e p t  
t h a t  o f  Takeda (1974) who o b s e r v e d  t h a t  b o v in e  s p e r m a to z o a  
i n s e m i n a t e d  i n t r a v a g i n a l l y  i n t o  c h i c k e n  hens d i d  n o t
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m i g r a t e  t o  t h e  u t e r o v a g i n a l  j u n c t i o n .  However, t h e r e  i s  
e v i d e n c e  t o  s u g g e s t  i n c o m p l e t e  s p e c i e s  s p e c i f i c i t y  i n  
c l o s e l y  r e l a t e d  a v i a n  s p e c i e s .  Small  numbers o f  h y b r i d s  
have  b e en  o b t a i n e d  from t h e  i n s e m i n a t i o n  o f  q u a i l  hens 
w i t h  c h i c k e n  semen (Ogasawara & Huang, 1963; McFarquhar  & 
Lake, 1964; M ath is  & McDougald, 1987), c h i c k e n  hens w i t h  
g u i n e a  fowl semen (Mathis  & McDougald, 1987; S t e k l e n e v  & 
Kozikova,  1989), p h e a s a n t  hens w i t h  c h i c k e n  semen 
(Watanabe, 1964) , and n a t u r a l  m a t in g  o f  p e a fo w l  w i t h  
g u i n e a  fowl (Mathis  e t  a l . . 1983).
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1. 5. Ajjns- Q-f t h e. ..Work
1. To i d e n t i f y  p r o t e i n s  and g l y c o p r o t e i n s /
s e c r e t e d  by t h e  e x c u r r e n t  d u c t  s y s te m  o f  t h e  
t e s t e s ,  which a s s o c i a t e  w i t h  t h e  c h i c k e n  sperm 
s u r f a c e  and t o  c h a r a c t e r i s e  changes  o c c u r r i n g  
t o  p r o t e i n s  and g l y c o p r o t e i n s  on t h e  sperm 
s u r f a c e  and i n  s e m in a l  p lasm a  d u r i n g  t r a n s p o r t  
t h r o u g h  t h e  e x c u r r e n t  d u c t  system.
2. To d e t e r m i n e  t h e  r o l e  o f  sperm s u r f a c e
a s s o c i a t e d  p r o t e i n s  i n  o v i d u c a l  sperm 
t r a n s p o r t .
3. To i d e n t i f y  t h e  s i t e  and p h y s i o l o g i c a l  b a s i s  o f  
o v i d u c a l  sperm s e l e c t i o n .
4. To i n v e s t i g a t e  w h e th e r  sperm s u r f a c e  changes
a r e  in d u c e d  by t h e  o v i d u c t  p r i o r  t o  
f e r t i l i s a t i o n .
5. To i n v e s t i g a t e  t h e  s p e c i f i c i t y
i n t e r a c t i o n ,  and t h e  e f f i c i e n c y  
p e r i v i t e l l i n e  l a y e r  as a 
i n t e r s p e c i e s  f e r t i l i s a t i o n  i n  
d i s t a n t l y  r e l a t e d  a v i a n  s p e c i e s .
6 . To e l u c i d a t e  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  
v a g in a  and i n n e r  p e r i v i t e l l i n e  l a y e r  o f  t h e  egg
o f  sp e rm -e g g  
o f  t h e  i n n e r  
b a r r i e r  t o  
c l o s e l y  and
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f e r t i l i s a t i o nas b a r r i e r s  t o  i n t e r s p e c i e s  
be tw een  c l o s e l y  and d i s t a n t l y  r e l a t e d  
s p e c i e s .
a v i a n
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CHAPTER 3- MATERIALS AND METHODS
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2. MATERIALS.AND METHODS
2. 1. B i r d  M a in tenance  and Semen ■ C o l l e c t i o n
Male c h ic k e n s  were  a Rhode I s l a n d  R e d - l i k e  c o n t r o l  s t r a i n  
from Ross B r e e d e rs  Ltd. , U. K. ; c h i c k e n  hens were 
' I .  S. A. Brown' commercial  l a y e r s ;  male t u r k e y s  were t h e  
p ro g e n y  o f  a c r o s s  be tw een  B r i t i s h  U n i t e d  Turkeys  s t r a i n s  
5 and 6; and male and fem a le  J a p a n e s e  q u a i l  were  from a 
b r e e d i n g  c o lo n y  a t  Dundee I n s t i t u t e  o f  Technology .  A l l  
b i r d s  were h o u sed  i n d i v i d u a l l y /  g iv e n  14 h o u rs  l i g h t ,  
10 h o u r s  d a r k  p h o t o p e r i o d  and f e d  a com m erc ia l  b r e e d e r s  
r a t i o n  a d - l i b i t u m .
Semen was c o l l e c t e d  from c h ic k e n s  and t u r k e y s  as d e s c r i b e d  
by W is h a r t  (1982) and from q u a i l  by t h e  method o f  
Ogasawara and Huang (1963).  F o r  most e x p e r i m e n t s ,  p o o le d  
e j a c u l a t e s  from be tw een  4 and 8 i n d i v i d u a l s  from a g i v e n  
s p e c i e s  were  used.
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2 . 2 .
2 . 2 . 1 .
2 . 2 . 1 . 1 .
P lasma Changes O c c u r r i n g  D u r i n g . _ P o s t - t e s t l c u l a r
M a t u r a t i o n i n _the .Chicken
D e t e c t i o n o f M a t u r a t i o n  R e l a t e d  Soerm S u r f a c e
Chancres
P r o d u c t i o n and T e s t i n g _o f  A n t i s e ru m  R a i s e d  i n
t h e  R a b b i t a g a i n s t  C h icken  E j a c u l a t e d Sem inal
Plasma
Semen was c o l l e c t e d  from b i r d s  and p o o l e d  as p r e v i o u s l y  
d e s c r i b e d  ( 2 . 1 . ) ,  c e n t r i f u g e d  ( I .  E. C. CENTRA-4R) a t  700 g 
f o r  15 m in u te s  a t  5 °C, and t h e n  m i c r o c e n t r i f u g e d  (MSE 
MICROCENTAUR) a t  13000 g f o r  10 m in u te s  t o  remove any 
r e m a in i n g  sp e rm ato zo a .
R a b b i t s  (New Z ea land  White  s t r a i n )  were  i n j e c t e d  
s u b c u t a n e o u s l y  i n t o  t h e  back  w i t h  400 ^ul p e r  s i t e  o v e r  
5 s i t e s ,  w i t h  an e m u ls io n  c o m p r i s in g  e q u a l  p a r t s  o f  
F reund '  s Complete  A d ju v a n t  (Sigma Chemical  Co. ) and
s e m in a l  p lasm a ,  and s u b s e q u e n t l y  21 days l a t e r  w i t h  a 
s i m i l a r  e m u l s io n  c o m p r i s in g  F r e u n d ' s  I n c o m p l e t e  A d ju v a n t  
(Sigma Chemical  Co. ) and s e m in a l  p la sm a  (Harlow & Lane, 
1988).
T e s t  b l e e d s  were o b t a i n e d  from t h e  m a r g in a l  e a r  v e i n  
12 days f o l l o w i n g  b o o s t e r  i n j e c t i o n ,  p r o v i d i n g  
a p p r o x i m a t e l y  15-20 ml o f  b lood .  A f t e r  i n c u b a t i o n  a t
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37 °C f o r  one hour ,  t h e  c l o t  was s e p a r a t e d  from t h e  w a l l  
o f  t h e  c o l l e c t i n g  t u b e  and a l lo w e d  t o  c o n t r a c t  o v e r n i g h t  
a t  4 °C. The serum was removed from t h e  c l o t ,
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s ,  d i v i d e d  i n t o  
100 u l  a l i q u o t s  and s t o r e d  a t  -20 °C.
The a s s a y  u sed  t o  d e t e r m i n e  a n t i s e r u m  t i t r e  was an 
a d a p t i o n  o f  t h e  M acroscop ic  Sperm A g g l u t i n a t i o n  T e s t  
( K i b r i c k  e t  a l . . 1952). An a l i q u o t  o f  100 ja l  o f  c h i c k e n
semen was washed t w i c e  i n  5 ml o f  b u f f e r  c o m p r i s i n g  0. 15M 
NaCl w i t h  20mM N - T r i s - [ h y d r o x y m e t h y l ] - m e t h y l - 2 -
a m i n o e t h a n e s u lp h o n i c  a c i d  (TES; Sigma Chemical  Co. ), 
pH 7. 4 (NaCl/TES),  r e s u s p e n d e d  i n  100 ;ul o f  0. 15M NaCl/TES 
and a sperm c o u n t  p e r fo rm e d  u s i n g  a haem ocytom eter .  
S pe rm atozoa  were s u b s e q u e n t l y  d i l u t e d  t o  50 X 106/ml w i t h  
0. 15M NaCl/TES, and 200 jul added t o  200 ;ul o f  a n t i s e r u m  
d i l u t e d  1: 10, 1: 100, 1: 500 and 1: 1000 i n  4 ml
p o l y c a r b o n a t e  t u b e s .  C o n t r o l  i n c u b a t i o n s  were c a r r i e d  o u t  
u s i n g  normal  r a b b i t  serum.
A f t e r  m ix in g  by i n v e r s i o n ,  sperm s u s p e n s i o n s  were 
i n c u b a t e d  a t  37 °C f o r  60 m in u te s  and c h eck ed  f o r  
s e d i m e n t a t i o n  and l o s s  o f  t u r b i d i t y .
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Im m u n o f lu o re s c e n t  S t a i n i n g  o f  Sperm atozoa
I n d i v i d u a l  e j a c u l a t e s  were o b t a i n e d  from t h r e e  c o c k e r e l s ,  
which were  s u b s e q u e n t l y  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  
and t h e  e n t i r e  r e p r o d u c t i v e  t r a c t s  c a r e f u l l y  e x c i s e d .  The 
t e s t e s  were  s e p a r a t e d  from t h e  e p id id y m a l  r e g i o n  and 
immersed i n  0. 15M NaCl/TES. A l l  t i s s u e  s u r r o u n d i n g  t h e  
d u c tu s  d e f e r e n s  was c a r e f u l l y  removed, and t h e  p r o x im a l  
and d i s t a l  100 mm p o r t i o n s  o f  t h e  d u c tu s  d e f e r e n s  removed 
s e p a r a t e l y  i n t o  0. 15M NaCl/TES. Sperm atozoa  were o b t a i n e d  
from t h e s e  t i s s u e s  by s q u e e z i n g  t h e  lu m en a l  c o n t e n t s  i n t o  
a s i n g l e  d ro p  o f  0. 15M NaCl/TES. The t e s t e s  were h a l v e d  
and l a i d  w i t h  t h e i r  c u t  edge downwards i n t o  a s m a l l  volume 
o f  0. 15M NaCl/TES, g e n t l e  p r e s s u r e  a p p l i e d  t o  t h e  t i s s u e ,  
and f l u i d  c o n t a i n i n g  s p e rm a to z o a  c o l l e c t e d  by P a s t e u r  
p i p e t t e .
Sperm c o u n t s  were p e r fo rm e d  and t h e  sperm c o n c e n t r a t i o n s  
a d j u s t e d  t o  5 X 10G s p e rm a to z o a  i n  500 ;ul o f  0. 15M 
NaCl/TES c o n t a i n i n g  4% fo rm ald eh y d e  ( v / v ) .  A f t e r  f i x a t i o n  
f o r  20 m in u te s  a t  room t e m p e r a t u r e ,  sperm s u s p e n s i o n s  were 
c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C, washed w i t h  
500 ^ 1  o f  0. 15M NaCl/TES, and r e s u s p e n d e d  i n  50 jul  o f  
0. 15M NaCl/TES.
N o n - s p e c i f i c  b i n d i n g  s i t e s  were b lo c k e d  w i t h  200 jul o f  
normal  g o a t  serum d i l u t e d  1: 10 f o r  30 m in u te s  a t  37 °C. 
The sperm s u s p e n s i o n s  were c e n t r i f u g e d  a t  700 g f o r
2 .  2 .  1 .  2 .  P r o t o c o l ________ f o r ________ S e m e n ________ P r e p a r a t i o n ________ a n d
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10 m in u te s  a t  5 °C, washed w i t h  500 ^ul o f  0. 15M NaCl/TES 
and t h e  p e l l e t  r e s u s p e n d e d  i n  e i t h e r  t h e  a n t i s e r u m  r a i s e d  
a g a i n s t  s e m in a l  p la sm a  p r o t e i n s  o r  c o n t r o l  r a b b i t  serum, 
d i l u t e d  1: 10 w i t h  0. 15M NaCl/TES. A f t e r  i n c u b a t i o n  f o r  
30 m in u te s  a t  37 °C, s p e rm a to z o a  were washed t w i c e  w i t h  
500 ;ul o f  0. 15M NaCl/TES and i n c u b a t e d  w i t h  f l u o r e s c e i n  
i s o t h i o c y a n a t e  ( F I T C ) - c o n ju g a te d  g o a t  a n t i r a b b i t  IgG 
(Sigma Chemica l  Co. ) d i l u t e d  1: 50 w i t h  0. 15M NaCl/TES f o r  
30 m in u te s  a t  37 °C. Sperm atozoa  were s u b s e q u e n t l y  washed 
t w i c e  w i t h  500 ;ul o f  0. 15M NaCl/TES, r e s u s p e n d e d  i n  50 >ul 
o f  0. 15M NaCl/TES and examined f o r  changes  i n  s t a i n i n g  
p a t t e r n  and i n t e n s i t y  r e l a t e d  t o  p o s t - t e s t i c u l a r  
m a t u r a t i o n ,  u s i n g  a L e i t z  L a b o r lu x  K m ic ro sc o p e  e q u ip p e d  
w i t h  e p i f l u o r e s c e n c e  o p t i c s  and a p p r o p r i a t e  f i l t e r s  f o r  
FITC, a t  X400 and X1000 ( o i l )  m a g n i f i c a t i o n .
2. 2. 1. 3. P r o t o c o l  f o r  L e c t i n  S t a i n i n g  o f  Sperm atozoa
F I T C - c o n ju g a te d  l e c t i n s  u se d  were o b t a i n e d  from Sigma 
Chemical  Co. . S to c k  s o l u t i o n s  were 1 mg/ml i n  0. 15M
NaCl/TES, pH 7. 4 f o r  l e c t i n  from T r i t i c u m  v u l g a r i s  (WGA), 
l e c t i n  from Solanum tu b e r o s u m . l e c t i n  from E r v t h r i n a  
c o r a l l o d e n d r o n . and P e a n u t  A g g l u t i n i n ,  and 0. 15M NaCl/TES, 
pH 7. 4 c o n t a i n i n g  0. ImM CaCl2 and 0. ImM MnCl2 f o r  ConA 
( s e e  Appendix  1 f o r  l e c t i n  s p e c i f i c i t i e s ) .
Semen was c o l l e c t e d  as d e s c r i b e d  i n  2. 2. 1. 2. and sperm 
c o n c e n t r a t i o n s  a d j u s t e d  t o  2 X 106 i n  500 ^ 1  o f  0. 15M
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and r e s u s p e n d e d  i n  90 ^ 1  o f  0. 15M NaCl/TES c o n t a i n i n g  
0. ImM CaCl2 and 0. ImM MnCl2 h e l d  a t  5 °C.
The p r o t o c o l  f o r  c e l l  s t a i n i n g  was e s s e n t i a l l y  t h a t  
d e s c r i b e d  by Cross  and O v e r s t r e e t  (1987) f o r  u n f i x e d  human 
sp e rm a to z o a .  I n  t h i s  work, f i x e d  and u n f i x e d  s p e rm a to z o a  
were  s t a i n e d  u s i n g  t h e  same p r o t o c o l .
An a l i q u o t  o f  5 ;ul o f  s t o c k  l e c t i n  s o l u t i o n  h e l d  a t  5 °C 
was added  t o  45 ;al o f  sperm s u s p e n s i o n  i n  a 4 ml 
p o l y c a r b o n a t e  t u b e ,  t h o r o u g h l y  mixed by g e n t l e  a g i t a t i o n ,  
and i n c u b a t e d  a t  5 °C f o r  30 m in u te s .  T h e r e a f t e r ,  450 >ul 
o f  0. 15M NaCl/TES c o n t a i n i n g  0. ImM CaCl2 and 0. ImM MnCl2 
was added, and t h e  sp e rm a to z o a  p e l l e t e d  by c e n t r i f u g a t i o n  
a t  700 g f o r  10 m in u te s  a t  5 °C, washed w i t h  500 j i l  o f  
0. 15M NaCl/TES c o n t a i n i n g  Ca2+ and Mn2+, and f i n a l l y  
r e s u s p e n d e d  i n  50 ;ul o f  t h e  same b u f f e r .
S pe rm atozoa  were  s u b s e q u e n t l y  examined by e p i f l u o r e s c e n c e  
m ic ro sc o p y  a t  X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  
changes  i n  s t a i n i n g  p a t t e r n  and i n t e n s i t y  r e l a t e d  t o  
p o s t - t e s t i c u l a r  m a t u r a t i o n .
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Seminal  P lasma and Sperm S u r f a c e - A s s o c i a t e d  
P r o t e i n s
2. 2. 2. 1. Seminal  Plasma P r e p a r a t i o n  and H y p e r to n i c  
B u f f e r  T re a tm e n t  o f  Spe rm atozoa
E j a c u l a t e d  semen and semen from t h e  a n t e r i o r  and p o s t e r i o r  
d u c tu s  d e f e r e n s  were  c o l l e c t e d  from 5 c o c k e r e l s  as 
d e s c r i b e d  i n  2. 2. 1. 2. and p o o le d .  The sperm
c o n c e n t r a t i o n s  were  a d j u s t e d  t o  400 X 106 i n  200 1 o f  
0. 15M NaCl/TES, and t h e  sperm s u s p e n s i o n s  c e n t r i f u g e d  a t  
700 g f o r  10 m in u te s  a t  5 °C, t h e n  m i c r o c e n t r i f u g e d  a t  
13000 g f o r  10 m in u te s  and s t o r e d  a t  -20 °C p r i o r  t o  
e l e c t r o p h o r e s i s .
The s p e r m a to z o a  were  r e s u s p e n d e d  i n  1. 0 ml o f  0. 15M 
NaCl/TES, c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C/ 
washed w i t h  1. 0 ml o f  0. 15M NaCl/TES and r e s u s p e n d e d  i n  
200 u l  o f  1. 0M NaCl/TES i n  4 ml capped  p o l y c a r b o n a t e  
t u b e s .  A f t e r  g e n t l e  a g i t a t i o n  f o r  15 m in u te s  a t  room 
t e m p e r a t u r e  t h e  sperm s u s p e n s io n s  were c e n t r i f u g e d  a t  
700 g f o r  10 m in u te s  a t  5 °C and t h e  s u p e r n a t a n t s  
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  p r i o r  t o  
s t o r a g e  a t  -20 °C.
2 .  2 .  2 .  D e t e c t i o n  o f  M a t u r a t i o n  R e l a t e d  C h a n g e s  i n
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2. 2. 2 .2 .  SDS-PAGE o f  Seminal  P lasma and Sperm S u r f a c e  
Washings,  and P r o t o c o l  f o r  S i l v e r  S t a i n i n g  o f  
S e p a r a t e d  P r o t e i n s
M o l e c u l a r  w e ig h t  m arkers  (Sigma SDS-VII, SDS-VIIB), 
e j a c u l a t e d  s e m in a l  p lasma,  a n t e r i o r  and p o s t e r i o r  d u c tu s  
d e f e r e n s  s e m in a l  p la sm a s ,  and sperm s u r f a c e  w ash ings  
o b t a i n e d  from t r e a t m e n t  o f  sp e rm a to z o a  w i t h  h y p e r t o n i c  
(1. OM NaCl) b u f f e r  (2. 2. 2. 1. ) were  d i l u t e d  1: 6. 7, 1: 6. 7,
1: 1. 7, 1: 1. 7 and 30: 1 r e s p e c t i v e l y  w i t h  0. 15M NaCl/TES,
and t h e n  t o  1: 20, 1: 20, 1: 5, 1: 5 and 10: 1 w i t h  b o i l i n g  mix
( s e e  Appendix  2a f o r  c o m p o s i t i o n  o f  e l e c t r o p h o r e t i c  
r e a g e n t s ) .  Samples were b o i l e d  f o r  3 m in u te s ,
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  and 20 ^jul 
a p p l i e d  t o  e ach  sam ple  w e l l .
P r o t e i n  s e p a r a t i o n  was c a r r i e d  o u t  by Sodium Dodecyl 
S u l p h a t e  P o l y a c r y l a m i d e  Gel E l e c t r o p h o r e s i s  (SDS-PAGE) 
(Laemmli, 1970) on 5-15% g r a d i e n t  p o l y a c r y l a m i d e  g e l s  a t  a 
c o n s t a n t  c u r r e n t  o f  35mA p e r  g e l ,  u s i n g  an LKB 2001 
v e r t i c a l  e l e c t r o p h o r e s i s  u n i t  and LKB 2103 power su p p ly .  
A f t e r  s e p a r a t i o n  g e l s  were i m m e d ia te ly  f i x e d  i n  a m ix tu r e  
o f  w a t e r  : m ethano l  : a c e t i c  a c i d  (4: 5: 1) and s u b s e q u e n t l y  
s i l v e r  s t a i n e d  u s i n g  t h e  method d e s c r i b e d  by Blum e t  
a l .  (1987) .  Gels were washed w i t h  3 changes  o f  250 ml o f  
a 50% s o l u t i o n  o f  e t h a n o l  (v /v )  f o r  60 m in u te s ,  and 
s u b s e q u e n t l y  i n c u b a t e d  f o r  one m inu te  i n  250 ml o f  a 0. 02% 
sodium t h i o s u l p h a t e  s o l u t i o n  (w/v).  A f t e r  r i n s i n g
t h o r o u g h l y  w i t h  d i s t i l l e d  w a te r ,  g e l s  were i n c u b a t e d  w i t h
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a s t a i n i n g  s o l u t i o n  c o n t a i n i n g  0.02% s i l v e r  n i t r a t e  (w/v) 
and 0.07% fo rm a ld eh y d e  (v /v )  f o r  20 m in u te s ,  r i n s e d  
t h o r o u g h l y  w i t h  d i s t i l l e d  w a t e r ,  and t h e  s t a i n  d e v e lo p e d  
w i t h  250 ml o f  a s o l u t i o n  c o n t a i n i n g  6% sodium c a r b o n a t e  
(w /v ) ,  0.05% fo rm ald eh y d e  ( v /v )  and 0.0004% sodium
t h i o s u l p h a t e  (w/v) .  A f t e r  f u r t h e r  r i n s i n g ,  s t a i n
d ev e lo p m e n t  was h a l t e d  w i t h  250 ml o f  a s o l u t i o n  
c o n t a i n i n g  50% m ethano l  (v /v )  and 12% a c e t i c  a c i d  ( v / v ) .
E l e c t r o p h o r e t i c  p r o f i l e s  were examined f o r  changes  i n  
b a n d in g  p a t t e r n  and s t a i n i n g  i n t e n s i t y  r e l a t e d  t o  
p o s t - t e s t i c u l a r  m a t u r a t i o n .
2. 2. 2. 3. W es te rn  B l o t t i n g  and P r o t o c o l  f o r  Im m u n o lo g ica l  
S t a i n i n g  o f  B l o t t e d  P r o t e i n s
SDS-PAGE was c a r r i e d  o u t  as d e s c r i b e d  i n  2. 2. 2. 2. . 
P r o t e i n s  were  i m m e d ia te ly  e l e c t r o b l o t t e d  o n to  Im mobilon-P  
t r a n s f e r  membranes ( M i l l i p o r e )  a t  a c o n s t a n t  c u r r e n t  o f  
0. 8mA p e r  cm2 o f  g e l  f o r  30 m in u te s ,  t h e n  1. 2mA p e r  cm2 
f o r  a f u r t h e r  30 m in u te s ,  u s i n g  a S a r t o r i u s  S a r t o b l o t  S - l l  
b l o t t i n g  a p p a r a t u s  ( s e e  Appendix  2b f o r  W es te rn  b l o t t i n g  
r e a g e n t s ).
The Immobilon  membrane was r i n s e d  w i t h  p h o s p h a t e  b u f f e r e d  
s a l i n e  (PBS) c o n t a i n i n g  0.05% Tween 20 (v /v )  and
n o n - s p e c i f i c  b i n d i n g  s i t e s  b lo c k e d  w i t h  PBS c o n t a i n i n g  
0. 5% Tween 20 and 10% newborn c a l f  serum ( v /v )  a t  4 °C f o r
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60 m in u te s ,  w i t h  g e n t l e  a g i t a t i o n .  A f t e r  r i n s i n g  w i t h  
PBS/0. 05% Tween 20, t h e  membrane was i n c u b a t e d  o v e r n i g h t  
a t  4 °C w i t h  r a b b i t  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
s e m in a l  p la sm a  p r o t e i n s  (2. 2. 1. 1. ) d i l u t e d  1: 100 w i t h  
PBS/0. 05% Tween 20 c o n t a i n i n g  5% newborn c a l f  serum, 
r i n s e d  w i t h  PBS/0. 05% Tween 20, and s u b s e q u e n t l y  i n c u b a t e d  
w i t h  h o r s e r a d i s h  p e r o x i d a s e  (H R P )-c o n ju g a te d  donkey 
a n t i r a b b i t  IgG ( S c o t t i s h  A n t ib o d y  P r o d u c t i o n  U n i t )  d i l u t e d  
1: 200 w i t h  PBS/0. 05% Tween 20 c o n t a i n i n g  5% newborn c a l f  
serum, f o r  60 m in u te s  a t  4 °C w i t h  g e n t l e  a g i t a t i o n .  
A f t e r  t h o r o u g h  w ash ing  w i t h  PBS/0. 05% Tween 20, t h e  s t a i n  
was d e v e lo p e d  w i t h  3 , 3 - d i a m in o b e n z id i n e  (DAB) and n i c k e l  
c h l o r i d e  r e a g e n t  (0.0006% d ia m in o b e n z id i n e ,  0.003% n i c k e l  
c h l o r i d e  ( w / v ) ) a t  room t e m p e r a t u r e  (Hsu & Soban, 1982).  
S t a i n i n g  was h a l t e d  by w ash in g  w i t h  PBS.
B l o t s  were  s u b s e q u e n t l y  examined f o r  changes  i n  p r o t e i n  
a n t i g e n i c i t y  r e l a t e d  t o  p o s t - t e s t i c u l a r  m a t u r a t i o n .
2. 2. 2. 4. P r o t o c o l  f o r  L e c t i n  S t a i n i n g  o f  B l o t t e d  
P r o t e i n s
E l e c t r o p h o r e s i s  and W es te rn  b l o t t i n g  were c a r r i e d  o u t  as 
d e s c r i b e d  i n  2. 2. 2. 2. and 2. 2. 2. 3. r e s p e c t i v e l y .  
I m m e d ia t e ly  a f t e r  e l e c t r o b l o t t i n g ,  t h e  membrane was 
s t a i n e d  w i t h  WGA u s i n g  a p r o t o c o l  b a s e d  on t h a t  d e s c r i b e d  
by Kij im o t o - O c h ia i  e t  a l . ( 1985). A f t e r  w ash in g  w i t h  PBS 
and s u b s e q u e n t l y  P B S /0 .5% Tween 20, n o n - s p e c i f i c  b i n d i n g
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s i t e s  were  b lo c k e d  w i t h  PBS/O. 05% Tween 20 f o r  60 m in u te s  
a t  room t e m p e r a t u r e  w i t h  g e n t l e  a g i t a t i o n .  The membrane 
was i n c u b a t e d  w i t h  H R P -con juga ted  WGA (Sigma Chemical  C o . ) 
a t  a c o n c e n t r a t i o n  o f  20 ug/ml i n  PBS/0. 05% Tween 20 f o r  
60 m in u te s  a t  room t e m p e r a t u r e  w i t h  g e n t l e  a g i t a t i o n ,  
t h o r o u g h l y  washed w i t h  PBS/0. 05% Tween 20 and t h e n  w i t h  
50mM T r i s  b u f f e r ,  pH 7. 6. The s t a i n  was d e v e l o p e d  w i t h  
d i a m i n o b e n z i d i n e  and n i c k e l  c h l o r i d e  r e a g e n t  (2 .2 .  2. 3. ).
B l o t s  were  s u b s e q u e n t l y  examined f o r  changes  i n  t h e  
e x p r e s s i o n  o f  WGA-binding c a r b o h y d r a t e  r e s i d u e s  r e l a t e d  t o  
p o s t - t e s t i c u l a r  m a t u r a t i o n .
2. 2. 2. 5. P r o t e i n  Band M o le c u la r  Weight D e t e r m i n a t i o n
P r o t e i n  band m o l e c u l a r  w e ig h ts  were o b t a i n e d  from 
m o l e c u l a r  w e ig h t  m ark e r  (SDSVII, SDSVIIB; Sigma Chemical  
Co. ) c a l i b r a t i o n  c u r v e s ,  and a r e  mean v a lu e s  from 2 g e l s .  
I d e n t i c a l  p r o t e i n s  on s u b s e q u e n t  g e l s  were  a s s i g n e d  t h e  
mean m o l e c u l a r  w e ig h t  v a lu e s  from t h e  o r i g i n a l  2 g e l s .
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M o d i f i c a t i o n  on Sperm F u n c t io n
2. 3. 1. I n v e s t i g a t i o n  o f  t h e  E f f e c t  o f  t h e  Removal o f
Sperm S u r f a c e  A s s o c i a t e d  P r o t e i n s  bv H y p e r to n ic  
B u f f e r  T re a tm e n t ,  on Sperm F u n c t i o n  I n - V iv o  and 
I n - V i t r o
2 .  3 .  I n v e s t i g a t i o n  o f  t h e  I n f l u e n c e  o f  S p e r m  S u r f a c e
2. 3. 1. 1. H y p e r to n i c  B u f f e r  T re a tm e n t  o f  S pe rm atozoa ,  and 
P r e p a r a t i o n  f o r  Assay.  E l e c t r o p h o r e s i s  and 
I n s e m i n a t i o n
E j a c u l a t e d  semen was c o l l e c t e d ,  p o o l e d  and 600 ;ul d i l u t e d  
w i t h  5 ml o f  0. 15M NaCl/TES. A f t e r  c e n t r i f u g a t i o n  a t  
1500 g f o r  5 m in u te s  a t  5 °C and f u r t h e r  w a sh in g  i n  5 ml 
o f  0. 15M NaCl/TES, t h e  p e l l e t  was r e s u s p e n d e d  i n  2 ml o f  
0. 15M NaCl/TES and s i x  300 ;al a l i q u o t s  made 0. 15, 0. 20,
0. 25, 0. 30, 0. 35 and 0. 40M w i t h  r e s p e c t  t o  NaCl, by a d d in g  
900 j i l  o f  NaCl/TES c o n t a i n i n g  0. 15, 0. 22, 0. 28, 0. 35, 0. 42 
and 0. 48M NaCl r e s p e c t i v e l y .  A f t e r  h o r i z o n t a l  i n c u b a t i o n  
w i t h  g e n t l e  a g i t a t i o n  a t  room t e m p e r a t u r e  (22 °C) f o r  
15 m in u te s  i n  capped  10 ml p o l y c a r b o n a t e  v i a l s ,  t h e  sperm 
s u s p e n s i o n s  were  ' n o r m a l i s e d '  t o  0. 15M NaCl by t h e  s low  
a d d i t i o n  o f  2 ml o f  0. 15, 0. 12, 0. 09, 0. 06, 0. 03M NaCl/TES 
and 20mM TES r e s p e c t i v e l y .
F o r  a s s a y s ,  sperm s u s p e n s i o n s  were  c e n t r i f u g e d  a t  1500 g 
f o r  5 m in u te s  a t  5 °C, t h e  p e l l e t s  r e s u s p e n d e d  i n  800 ^ul 
o f  0. 15M NaCl/TES, and s u b s e q u e n t l y  i n c u b a t e d  i n  a s h a k i n g
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w a t e r b a t h  ( G A L L E N K A M P  & C o . L t d )  a t  1 5 0  c y c l e s  p e r
m in u te ,  f o r  80 m in u te s  a t  40 °C. F o r  i n s e m i n a t i o n ,  
s p e r m a to z o a  were  r e s u s p e n d e d  i n  200 ^ul o f  0. 15M NaCl/TES, 
h e l d  a t  room t e m p e r a t u r e  and i n s e m i n a t e d  w i t h i n  20 m in u te s  
o f  p r e p a r a t i o n .  To p r e p a r e  sam p les  f o r  e l e c t r o p h o r e s i s ,  
an  i d e n t i c a l  t r e a t m e n t  p r o t o c o l  was employed b u t  u s i n g  a 
5 f o l d  h i g h e r  sperm c o n c e n t r a t i o n .  A f t e r  h y p e r t o n i c  
b u f f e r  t r e a t m e n t  and n o r m a l i s a t i o n ,  t h e  s u p e r n a t a n t s  
o b t a i n e d  from s u b s e q u e n t  c e n t r i f u g a t i o n  were 
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  and s t o r e d  a t  
-20  °C.
2. 3. 1. 2. A ssessm en t  o f  Sperm F u n c t i o n  I n - V i t r o  f o l l o w i n g  
H y p e r to n i c  B u f f e r  T re a tm e n t
2. 3. 1. 2. 1. A ssessm en t  o f  Sperm M o t i l i t y
C o l l e c t i v e  sperm m o t i l i t y  was m easu red  a f t e r  a 10 m in u te  
a e r o b i c  i n c u b a t i o n  a t  40 °C by l i g h t  s c a t t e r i n g  ( W is h a r t  & 
Ross,  1985). The p a r a m e t e r  ODm, which  r e p r e s e n t s  t h e  
maximum o p t i c a l  d e n s i t y  a t  550 nm o b t a i n e d  as a s u s p e n s i o n  
o f  s p e r m a to z o a  i s  drawn t h r o u g h  a f lo w  c e l l ,  was u s e d  t o  
e s t i m a t e  c o n c e n t r a t i o n s  o f  sp e rm a to z o a  (W is h a r t  & Pa lm er ,  
1985).  Sperm m o t i l i t y  was d e f i n e d  by t h e  p a r a m e t e r  
%[AODm], which  r e p r e s e n t s  t h e  maximum p r o p o r t i o n a l  
d e c r e a s e  i n  o p t i c a l  d e n s i t y  o c c u r r i n g  a f t e r  movement 
t h r o u g h  t h e  f lo w  c e l l  i s  a r r e s t e d ,  and i s  c o r r e l a t e d  w i t h  
t h e  p e r c e n t a g e  o f  m o t i l e  sp e rm a to z o a  (W is h a r t  & Ross,
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1985) . To a 10 ml p o l y c a r b o n a t e  v i a l  was added  100 l^iI  o f  
lOOmM CaCl2 i n  0. 15M NaCl/TES, 5 ml o f  0. 15M NaCl/TES 
c o n t a i n i n g  0. 1% b o v in e  serum a lb u m in  ( f r a c t i o n  V, Sigma 
Chemical  Co. ) (w /v) ,  and 200 u l  o f  sperm s u s p e n s io n .  The 
v i a l  was i n c u b a t e d  f o r  one m in u te  a t  40 °C and t h e  sperm  
s u s p e n s i o n  was drawn t h r o u g h  t h e  f lo w  c e l l .  The change  i n  
o p t i c a l  d e n s i t y  which  o c c u r r e d  a f t e r  s t o p p i n g  t h e  f l o w  o f  
t h e  sperm s u s p e n s i o n  t h r o u g h  t h e  f lo w  c e l l  was m easu red  
u s i n g  a CECIL CE305 s p e c t r o p h o t o m e t e r .  An o u t p u t  was 
o b t a i n e d  on a c o n n e c te d  f l a t b e d  c h a r t  r e c o r d e r  
( S e r v o s c r i b e  IB), from which  t h e  p a r a m e t e r  %[AODm] c o u ld  
be c a l c u l a t e d .
2. 3. 1. 2. 2. A ssessm en t  o f  Sperm ATP C o n c e n t r a t i o n
Sperm ATP c o n c e n t r a t i o n s  were m easured  l u m i n o m e t r i c a l l y  i n  
b o i l e d  e x t r a c t s  o f  s p e rm a to z o a  (W is h a r t ,  1982) a f t e r  20 
and 80 m in u te s  a e r o b i c  i n c u b a t i o n .  A l i q u o t s  o f  100 p i  o f  
sperm s u s p e n s i o n  were  added  t o  b o i l i n g  t u b e s  c o n t a i n i n g  
300 p i  o f  d i s t i l l e d  w a te r ,  i n  a b o i l i n g  w a t e r b a t h .  A f t e r  
a one m in u te  i n c u b a t i o n ,  t h e  t u b e  c o n t e n t s  were  
m i c r o c e n t r i f u g e d  a t  13000 g f o r  one m inu te .  A s t o c k  
s o l u t i o n  o f  f i r e f l y  l a n t e r n  e x t r a c t  (Sigma Chemical  C o . ) 
was d i l u t e d  1: 15 w i t h  d i s t i l l e d  w a t e r ,  and 400 p i  added  t o  
50 p i  o f  b o i l e d  sperm e x t r a c t  i n  a lu m in o m e te r  (Bio O r b i t  
1250).  An o u t p u t  was o b t a i n e d  on a c o n n e c t e d  f l a t b e d  
c h a r t  r e c o r d e r  (BBC SE120), from which  sperm ATP 
c o n c e n t r a t i o n s  c o u ld  be c a l c u l a t e d .
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2 .  3 .  1 .  2 .  3 .  A s s e s s m e n t  o f  S p e r m  L i v e / D e a d  S t a t u s
Sperm l i v e / d e a d  s t a t u s  was a s s e s s e d  a f t e r  a 30 m in u te  
a e r o b i c  i n c u b a t i o n ,  by s t a i n i n g  w i t h  n i g r o s i n  and e o s i n  
(Lake & S t e w a r t ,  1978). To 1 0 ^ 1  o f  sperm s u s p e n s i o n  was 
added  40 p i  o f  n i g r o s i n  and e o s i n  s o l u t i o n  (6% n i g r o s i n  
(w /v) ,  1.2% e o s i n  (w/v) i n  0. 15M NaCl/TES).  A f t e r
t h o r o u g h  m ix ing ,  15 was sm eared  a c r o s s  a m ic ro sc o p e
s l i d e ,  im m e d ia t e l y  a i r - d r i e d ,  and examined m i c r o s c o p i c a l l y  
a t  X1000 ( o i l )  m a g n i f i c a t i o n .
2. 3. 1. 2. 4. A ssessm en t  o f  Sperm Access  t o  t h e  U t e r o v a g i n a l  
J u n c t i o n  SSTs I n - V iv o
To a s s e s s  sperm a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs, 
hens were  i n s e m i n a t e d  e i t h e r  i n t r a v a g i n a l l y  o r  d i r e c t l y  
i n t o  t h e  u t e r o v a g i n a l  j u n c t i o n  w i t h  20 X 106 sp e rm a to zo a .  
U t e r o v a g i n a l  j u n c t i o n  i n s e m i n a t i o n  was a c h i e v e d  by 
d e t e r m i n i n g  by d i g i t a l  p a l p a t i o n ,  t h e  e n t r a n c e  t o  t h e  
u t e r u s  and i n s e m i n a t i n g  i m m e d ia te ly  d i s t a l  t o  t h i s  
l o c a t i o n .  The hens were s a c r i f i c e d  by c e r v i c a l
d i s l o c a t i o n  3 ho u rs  p o s t - i n s e m i n a t i o n ,  and random ly  
s e l e c t e d  p o r t i o n s  o f  t h e  a n t e r i o r  u t e r o v a g i n a l  j u n c t i o n  
mucosa examined as s q u a sh  p r e p a r a t i o n s  by p h a s e  c o n t r a s t  
m ic ro sc o p y  a t  X1000 m a g n i f i c a t i o n .  T i s s u e  from t h e  
a n t e r i o r  r e g i o n  o f  t h e  u t e r o v a g i n a l  j u n c t i o n  was used ,  
s i n c e  t u b u l e s  i n  t h e  a n t e r i o r  r e g i o n  o f  t h e  u t e r o v a g i n a l  
j u n c t i o n  a r e  l e s s  h e a v i l y  v e s i c u l a t e d ,  i n c r e a s i n g  t h e i r
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t r a n s p a r e n c y  and making a s s e s s m e n t  o f  l u m i n a l  c o n t e n t s  
c o n s i d e r a b l y  e a s i e r .  A l l  SSTs i n  mucosal  b i o p s i e s  were 
a s s e s s e d  f o r  t h e  p r e s e n c e  o f  sp e rm a to zo a .  S m a l l e r  numbers 
o f  s p e r m a to z o a  c o u ld  be c o u n te d  a c c u r a t e l y ,  b u t  w i t h  
l a r g e r  a g g r e g a t e s  p r e c i s e  e n u m e r a t io n  was n o t  f e a s i b l e ,  
and t h e r e f o r e  SSTs were  a s s i g n e d  t o  g roups  a c c o r d i n g  t o  
t h e i r  e s t i m a t e d  sperm c o n te n t .
2. 3. 1. 2. 5. A ssessm en t  o f  Sperm Access t o  t h e  Newly 
O v u la te d  Egg In -V iv o
To a s s e s s  t h e  a b i l i t y  o f  sp e rm a to z o a  t o  g a i n  a c c e s s  t o  t h e  
newly o v u l a t e d  egg, c h ic k e n  hens were  i n s e m i n a t e d  
i n t r a v a g i n a l l y  w i t h  400 X 106 sp e rm a to z o a  i n  50 ^ 1 .  The 
f i r s t  f e r t i l e  egg l a i d  a p p r o x i m a t e ly  40 h o u rs  l a t e r  was 
examined by e p i f l u o r e s c e n c e  m ic ro sc o p y  a t  X400
m a g n i f i c a t i o n  f o r  t h e  p r e s e n c e  o f  sp e rm a to z o a  t r a p p e d  i n  
t h e  o u t e r  p e r i v i t e l l i n e  l a y e r  a f t e r  s t a i n i n g  w i t h  a 
5 ^pl/ml s o l u t i o n  ( i n  PBS) o f  t h e  f l u o r e s c i n g  n u c l e a r  s t a i n  
4, 6 - d i a m i d i n o - 2 - p h e n y l i n d o l e  (DAPI; Sigma Chemica l  Co. ) 
( W is h a r t ,  1987).
2. 3. 1. 3. SDS-PAGE o f  Sperm S u r f a c e  Washings O b ta in e d  
from H y p e r to n i c  B u f f e r  T re a tm e n t  o f  Sperm atozoa
M o l e c u l a r  w e i g h t  m a r k e r s ,  s e m i n a l  p l a s m a  a n d  s p e r m  s u r f a c e
w a s h i n g s  o b t a i n e d  f r o m  t r e a t m e n t  o f  s p e r m a t o z o a  w i t h
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s u b j e c t e d  t o  e l e c t r o p h o r e s i s  and s i l v e r  s t a i n e d  as 
d e s c r i b e d  i n  2. 2. 2. 2. .
E l e c t r o p h o r e t i c  p r o f i l e s  were examined f o r  t h e  p r e s e n c e  o f  
p r o t e i n s  i n  sperm s u r f a c e  w ash in g s  and f o r  e v i d e n c e  o f  
NaCl c o n c e n t r a t i o n - d e p e n d e n t  p r o t e i n  removal.
I n  o r d e r  t o  h i g h l i g h t  d i f f e r e n c e s  i n  band i n t e n s i t i e s  
be tw een  w ash ings  o b t a i n e d  from s p e rm a to z o a  t r e a t e d  w i t h  
0. 15 and 0. 25M NaCl, g e l s  were  sc a n n e d  u s i n g  a LKB 2202 
l a s e r  d e n s i t o m e t e r .
b u f f e r s  c o n t a i n i n g  0 .  1 5 ,  0 .  2 0  a n d  0 .  2 5 M  N a C l  w e r e
2. 3. 1. 4. A ssessm en t  o f  t h e  E f f e c t  o f  R e - i n c u b a t i o n  o f  
H y p e r to n i c  B u f f e r - T r e a t e d  Sperm atozoa  w i t h  
F r e s h  B u f f e r e d  Seminal  Plasma, on Sperm Access  
t o  t h e  Newlv O v u la te d  Egg In -V iv o
Sperm atozoa  were  t r e a t e d  w i t h  0. 25M NaCl/TES as d e s c r i b e d  
i n  2. 3. 1. 1. . S u b seq u e n t  t o  h y p e r t o n i c  b u f f e r  t r e a t m e n t  
and n o r m a l i s a t i o n ,  s p e rm a to z o a  were c e n t r i f u g e d  a t  1500 g 
f o r  5 m in u te s  a t  5 °C and r e s u s p e n d e d  i n  200 jjlI o f  e i t h e r  
0. 15M NaCl/TES o r  f r e s h l y  o b t a i n e d  s e m in a l  p la sm a  d i l u t e d  
1: 1 w i t h  0. 15M NaCl/TES. Sperm atozoa  were i n c u b a t e d  
h o r i z o n t a l l y  w i t h  g e n t l e  a g i t a t i o n  i n  4 ml p o l y c a r b o n a t e  
t u b e s  f o r  15 m in u te s  a t  40 °C, and hens were  s u b s e q u e n t l y  
i n s e m i n a t e d  i n t r a v a g i n a l l y  w i t h  400 X 106 sp e rm a to zo a .
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A sse ssm e n t  o f  t h e  a b i l i t y  o f  s p e rm a to z o a  t o  g a i n  a c c e s s  t o  
t h e  newly o v u l a t e d  egg was c a r r i e d  o u t  as d e s c r i b e d  i n  
2. 3. 1. 2. 5. .
2 . 3 . 2 .  I n v e s t i g a t i o n  o f  t h e  E f f e c t  o f  C e n t r i f u g a t i o n
and Washing on Sperm F u n c t i o n  I n - V i v o  and 
I n - V i t r o
2. 3. 2. 1. Semen T re a tm e n t  P r o t o c o l s  and P r e p a r a t i o n  f o r  
Assay  and I n s e m i n a t i o n
P o o led , e j a c u l a t e d  semen was d i v i d e d  i n t o  3 a l i q u o t s o f
600 j j l , 2 o f  which  were
. _  n
c e n t r i f u g e d  a t 1500 g f o r
5 m in u te s  a t  5 °C.
Washed Sperm atozoa
The p e l l e t  was r e s u s p e n d e d  i n  1 .2  ml o f  0. 15M NaCl/TES, 
c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  5 °C, and
r e s u s p e n d e d i n 1 . 2 ml o f  t h e  same b u f f e r . The sperm
s u s p e n s i o n was t h e n  d i v i d e d  i n t o  2 a l i q u o t s o f  600 j i l .
F o r  a s s a y s , sperm s u s p e n s io n s  were i n c u b a t e d i n  10 ml
p o l y c a r b o n a t e  v i a l s  i n  a s h a k i n g  w a t e r b a t h  a t  40 °C f o r  
80 m in u te s .
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U n w a s h e d .  C e n t r i f u g e d  S p e r m a t o z o a
The p e l l e t  was r e s u s p e n d e d  i n  t h e  o r i g i n a l  s e m in a l  p lasm a ,  
d i l u t e d  1: 1 w i t h  0. 15M NaCl/TES and c e n t r i f u g e d  as  above.  
A f t e r  r e s u s p e n s i o n  i n  t h e  same b u f f e r e d ,  d i l u t e d  s e m in a l  
p la sm a ,  t h e  sperm s u s p e n s i o n  was d i v i d e d  and t h e r e a f t e r  
t r e a t e d  i d e n t i c a l l y  t o  t h e  washed sperm s u s p e n s io n .
Unwashed. U n c e n t r i f u a e d  Sperm atozoa
The f i n a l  600 ^ 1  a l i q u o t  o f  n e a t  semen was i n c u b a t e d  a t  
5 °C f o r  5 m in u te s  t h e n  d i l u t e d  1: 1 w i t h  0. 15M NaCl/TES. 
The sperm  s u s p e n s i o n  was t h e n  i n c u b a t e d  a t  5 °C f o r  
5 m in u te s ,  d i v i d e d  and t h e r e a f t e r  t r e a t e d  i d e n t i c a l l y  t o  
t h e  washed sperm s u s p e n s io n .
F o r  i n s e m i n a t i o n s ,  s p e rm a to z o a  were t r e a t e d  as d e s c r i b e d  
above,  b u t  1 ml o f  n e a t  semen was i n i t i a l l y  u s e d  i n  each  
c a s e ,  g i v i n g  a f i n a l  volume o f  2 ml.
2. 3. 2. 2. A ssessm en t  o f  Sperm F u n c t i o n  I n - V i t r o  and 
I n - V iv o  F o l lo w in g  C e n t r i f u g a t i o n  and Washing
Assays  o f  sperm ATP c o n c e n t r a t i o n ,  m o t i l i t y ,  l i v e / d e a d  
s t a t u s  and a c c e s s  t o  t h e  newly o v u l a t e d  egg were  c a r r i e d  
o u t  as d e s c r i b e d  i n  2. 3. 1. 2. 1. -  2. 3. 1. 2. 3. , 2. 3. 1. 2. 5. ,
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w i t h  t h e  e x c e p t i o n  t h a t  100 u l  o f  sperm s u s p e n s i o n  was 
u s e d  f o r  t h e  m o t i l i t y  a ssay .
2. 3. 3. I n v e s t i g a t i o n  o f  t h e  E f f e c t  o f  N e u ra m in id a se
T r e a tm e n t  on Sperm F u n c t i o n  I n - V i v o  and 
I n - V i t r o
2. 3. 3. 1. A sse ssm en t_____ Qf_____ t h e _____ D i s t r i b u t i o n _____ o f
N - A c e tv ln e u r a m in ic  Acid  R e s id u es  on t h e  Chicken  
Suerm S u r f a c e
E j a c u l a t e d  sp e rm a to z o a  were p r e p a r e d ,  s t a i n e d  w i t h  
F I T C - c o n ju g a te d  l e c t i n  from h im ulus  Polyphemus (Sigma 
Chemical  Co. ), s p e c i f i c  f o r  N - a c e t y l n e u r a m i n i c  a c i d  
r e s i d u e s ,  and s u b s e q u e n t l y  examined as d e s c r i b e d  i n  
2. 2. 1. 3. .
2. 3. 3. 2. N e u ram in id a se  T re a tm e n t  o f  Sp e rm ato zo a  and 
P r e p a r a t i o n  f o r  Assay  and I n s e m i n a t i o n
The method u s e d  was e s s e n t i a l l y  t h a t  d e s c r i b e d  by Lake & 
R av ie  (1988).  E j a c u l a t e d  semen was d i v i d e d  i n t o
4 a l i q u o t s  o f  200 j i l ,  and e ach  made up t o  1 ml w i th  
0 . 15M NaCl/TES i n  4 ml p o l y c a r b o n a t e  t u b e s  (2 w i t h  b u f f e r  
a t  pH 7 .4 ,  2 w i t h  b u f f e r  a t  pH 6 . 0 ) .  A f t e r  t h o r o u g h  
m ix in g  by i n v e r s i o n ,  c e n t r i f u g a t i o n  a t  1500 g f o r
5 m in u te s  a t  5 °C and f u r t h e r  w ash in g  i n  1 ml o f  t h e  same
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b u f f e r ,  p e l l e t s  were  r e s u s p e n d e d  i n : -  1) 800 ;ul o f  
0. 15M NaCl/TES, pH 6 .0 ;  2) 800 j i l  o f  0. 15M NaCl/TES,
pH 7 .4 ;  3) 672 ^ul o f  0. 15M NaCl/TES, pH 6. 0 + 128 ;ul o f  a
250 I . U . / m l  s o l u t i o n  o f  n e u r a m in i d a s e  (Type V; Sigma
Chemical  Co. ) i n  0. 15M NaCl/TES, pH 6. 0; o r  4) 672 ^ul o f  
0. 15M NaCl/TES, pH 7. 4 + 128 p i  o f  a 250 I .  U. /ml s o l u t i o n  
o f  n e u r a m in i d a s e  i n  0. 15M NaCl/TES, pH 7 .4 .  A f t e r  
h o r i z o n t a l  i n c u b a t i o n  w i t h  g e n t l e  a g i t a t i o n  i n  4 ml
p o l y c a r b o n a t e  t u b e s  f o r  10 m in u te s  a t  30 °C, sp e r m a to z o a  
were  d i l u t e d  w i t h  2. 4 ml o f  0. 15M NaCl/TES, pH 7. 4,
c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  5 °C, washed w i t h  
5 ml o f  0. 15M NaCl/TES, pH7. 4, r e s u s p e n d e d  i n  1. 2 ml o f  
0. 15M NaCl/TES, pH 7. 4, and d i v i d e d  i n t o  two 600 ;ul 
a l i q u o t s  f o r  a s s a y s .
For  i n s e m i n a t i o n s ,  s p e rm a to z o a  were f i n a l l y  r e s u s p e n d e d  i n  
2 ml o f  0. 15M NaCl/TES, pH 7. 4.
2. 3. 3. 3. A ssessm en t  o f  Sperm F u n c t i o n  I n - V i t r o  and 
I n - V iv o  F o l lo w in g  N e u ram in id a se  T r e a tm e n t
Assays o f  sperm m o t i l i t y ,  ATP c o n c e n t r a t i o n ,  l i v e / d e a d  
s t a t u s ,  and a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs were 
c a r r i e d  o u t  as d e s c r i b e d  i n  2. 3. 1. 2. 1. - 2. 3. 1. 2. 4. .
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Sperm S u r f a c e  and on Sperm F u n c t i o n  I n - V i t r o
2. 3. 4. 1. G l y c e r o l  T re a tm e n t  o f  Spe rm atozoa  and 
p r e p a r a t i o n  f o r  a s s a y  and E l e c t r o p h o r e s i s
E j a c u l a t e d  semen was d i v i d e d  i n t o  5 a l i q u o t s  o f  600 ;u l ,
2 . 3 . 4 .  I n v e s t i g a t i o n  o f  t h e  E f f e c t  o f  G l y c e r o l  o n  t h e
e ac h  o f which  was washed t w i c e  w i t h  5 ml o f 0 . 15M
NaCl/TES. P e l l e t s were r e s u s p e n d e d  i n  2. 4 ml o f 0 . 15M
NaCl/TES o r  0. 15M NaCl/TES c o n t a i n i n g  0. 5, 2, 5 o r 8%
g l y c e r o l  ( v / v ) ,  and i n c u b a t e d  h o r i z o n t a l l y  w i t h  g e n t l e  
a g i t a t i o n  i n  10 ml p o l y c a r b o n a t e  v i a l s  a t  room t e m p e r a t u r e  
(22 °C) f o r  15 m in u te s .  The sperm  s u s p e n s i o n s  were
d i v i d e d  i n t o  1. 2 ml a l i q u o t s ,  one o f  which  was c e n t r i f u g e d
a t  1500 g f o r  5 m in u te s  a t  5 °C and t h e  s u p e r n a t a n t
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  and s t o r e d  a t  
-20 °C p r i o r  t o  e l e c t r o p h o r e s i s .  The r e m a in i n g  a l i q u o t  
was made up t o  5 ml by t h e  s lo w  a d d i t i o n  o f  0. 15M 
NaCl/TES, c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  5 °C and 
r e s u s p e n d e d  i n  1. 6 ml o f  0. 15M NaCl/TES. A f t e r  f u r t h e r  
d i v i s i o n  i n t o  800 ;ul a l i q u o t s ,  sperm s u s p e n s i o n s  were
i n c u b a t e d  i n  a s h a k i n g  w a t e r b a t h  a t  40 °C f o r  80 m in u te s  
f o r  a s s a y s .
A n  i d e n t i c a l  p r o t o c o l  w a s  c a r r i e d  o u t  w i t h  t h e  e n t i r e
g l y c e r o l  t r e a t m e n t  p r o t o c o l  a t  5  ° C ,  w i t h  s u b s e q u e n t
a e r o b i c  i n c u b a t i o n  a t  4 0  ° C  f o r  a s s a y s .
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2. 3. 4. 2. A ssessm en t  o f  Sperm F u n c t i o n  I n - V i t r o  F o l lo w in g  
G l y c e r o l  T re a tm e n t
Assays  o f  ATP c o n c e n t r a t i o n ,  m o t i l i t y  and e o s i n  e x c l u s i o n  
were  c a r r i e d  o u t  as d e s c r i b e d  i n  2. 3. 1. 2. 1. -  2. 3. 1. 2. 3.
d u r i n g  a 30 m in u te  a e r o b i c  i n c u b a t i o n  a t  40 °C, and a g a i n  
a f t e r  60 m in u te s  i n c u b a t i o n .  Sperm m orphology  was 
a s s e s s e d  from n i g r o s i n  and e o s i n  smears  (Lake & S t e w a r t ,
1978) a t  X1000 ( o i l )  m a g n i f i c a t i o n  a f t e r  30 and 60 m in u te s  
a e r o b i c  i n c u b a t i o n  a t  40 °C, and e x p r e s s e d  as t h e  
p e r c e n t a g e  o f  l i v i n g  s p e rm a to z o a  r e t a i n i n g  normal  
morphology.
2. 3. 4. 3. SDS-PAGE o f  Sperm S u r f a c e  Washings O b ta in e d  
from G ly c e r o l  T r e a tm e n t  o f  Sperm atozoa
Sperm s u r f a c e  w a sh in g s ,  e j a c u l a t e d  s e m in a l  p lasm a  and 
m o l e c u l a r  w e i g h t  m arkers  were  p r e p a r e d ,  s u b j e c t e d  t o  
e l e c t r o p h o r e s i s  and s i l v e r  s t a i n e d  as d e s c r i b e d  i n  
2 . 2 . 2 . 2 . .
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2 .  4 .
A s s o c i a t i o n  w i t h  t h e  Sperm_Surfa.ee
I n v . 9 B t i g a . t A x m ___ o f ___ & h £ ___ S p e c i f i c i t y  o f  P r o t e i n
2. 4. 1. SDS-PAGE o f  t h e  S o l u b l e  and P a r t i c u l a t e
F r a c t i o n s  o f  C h icken  E j a c u l a t e d  Seminal  Plasma 
and Snerm S u r f a c e  Washings
Seminal  p la sm a was p r e p a r e d from e j a c u l a t e d  semen as
d e s c r i b e d i n  2. 2 . 2. 1. . The se m in a l  p lasm a  was t h e n
c e n t r i f u g e d  a t 105000 g f o r 60 m in u te s a t  5 °C. The
r e m a in in g p e l l e t ( p a r t i c u l a t e f r a c t i o n ) was made up t o
o r i g i n a l volume w i t h  0. 15M NaCl/TES. Sperm s u r f a c e
w ash ings were  o b t a i n e d from h y p e r t o n i c b u f f e r (0. 25M
NaCl/TES) - t r e a t e d  s p e rm a to z o a  (2. 3. 1. 1. ).
M o le c u la r  w e ig h t  m ark e rs ,  s e m in a l  p lasm a ,  s o l u b l e  and 
p a r t i c u l a t e  f r a c t i o n s  o f  s e m in a l  p lasm a,  and sperm s u r f a c e  
w ash ings  were  p r e p a r e d  t o  f i n a l  d i l u t i o n s  o f  1: 20, 1: 20,
1: 10, 1: 1 and 10: 1 i n  b o i l i n g  mix. Samples were b o i l e d ,
c e n t r i f u g e d  (2. 2. 2. 2. ), and 2 ^ul a l i q u o t s  s u b j e c t e d  t o  
e l e c t r o p h o r e s i s  on p r e - c a s t  10-15% g r a d i e n t  g e l s  
(P h a rm a c ia ) .  Gels  were s i l v e r - s t a i n e d  u s i n g  t h e  P h a rm ac ia  
P h a s t s y s t e m  ( s e e  Appendix 3 f o r  P h a s t s y s t e m  r e a g e n t s  and 
a u to m a te d  g e l  s t a i n i n g  p r o t o c o l ) .
E l e c t r o p h o r e t i c  p r o f i l e s  were examined f o r  d i f f e r e n c e s  i n  
p a t t e r n  and r e l a t i v e  i n t e n s i t y  o f  p r o t e i n  band ing .
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2 .  4 .  2 . P r o t o c o l  f o r  I n v e s t i g a t i o n  o f  t h e  R e l a t i v e
A f f i n i t i e s  o f  P r o t e i n s  f o r  t h e  Sperm S u r f a c e
E j a c u l a t e d  semen (600 ^ul) was added  t o  5 ml o f  0. 15M 
NaCl/TES, c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  5 °C, 
washed w i t h  5 ml o f  0. 15M NaCl/TES and r e s u s p e n d e d  i n  
100 u l  o f  0. 15M NaCl/TES. A sperm c o u n t  was p e r f o r m e d  and 
t h e  sperm  c o n c e n t r a t i o n  a d j u s t e d  t o  1. 5 X 109 sperm  i n  
400 u l  o f  0. 15M NaCl/TES. A f t e r  h o r i z o n t a l  i n c u b a t i o n  
w i t h  g e n t l e  a g i t a t i o n  i n  a 4 ml p o l y c a r b o n a t e  t u b e  a t  room 
t e m p e r a t u r e  f o r  15 m in u te s ,  t h e  sperm s u s p e n s i o n  was 
c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  5 °C and t h e  
s u p e r n a t a n t  m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  
p r i o r  t o  s t o r a g e  a t  -20 °C. The p e l l e t  was s u b s e q u e n t l y  
r e s u s p e n d e d  i n  400 ;ul o f  1. 0M NaCl/TES and i n c u b a t e d  f o r  
15 m in u te s  as d e s c r i b e d  above.
Sperm s u r f a c e  w ash ings  were  d i l u t e d  t o  a f i n a l
c o n c e n t r a t i o n  o f  5: 1 i n  b o i l i n g  mix. E l e c t r o p h o r e s i s  and 
s i l v e r  s t a i n i n g  o f  m o l e c u l a r  w e i g h t  m ark e r s ,  e j a c u l a t e d  
s e m in a l  p lasm a ,  and sperm s u r f a c e  w ash ings  o b t a i n e d  from 
0. 15M and 1 . 0M NaCl t r e a t m e n t  o f  sp e rm a to z o a  were  c a r r i e d  
o u t  as d e s c r i b e d  i n  2. 2. 2. 2. .
E l e c t r o p h o r e t i c  p r o f i l e s  w e r e  e x a m i n e d  f o r  d i f f e r e n t i a l
e x t r a c t i o n  o f  p r o t e i n s  f r o m  t h e  s p e r m  s u r f a c e  b y  i s o t o n i c
a n d  h y p e r t o n i c  b u f f e r s .
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2 .  5 .
f r om____I n d i v i d u a l  Sperm____S u r f a c e - A s s o c i a t e d
Pro.tol.ng,
P r o d u c t i o n . o f  M o n o s p e c i f i c  P o l y c l o n a l  A n t i s e r a
2. 5. 1. H y p e r to n i c  B u f f e r  T r e a tm e n t  o f  Sp e rm ato zo a  and
SDS-PAGE o f  Sperm S u r f a c e  Washings
Sperm s u r f a c e  w ash in g s  were o b t a i n e d  by i n c u b a t i n g  
sp e r m a to z o a  w i t h  1. OM NaCl/TES, f o l l o w i n g  t h e  p r o t o c o l  
o u t l i n e d  i n  2. 4. 2. . A f t e r  e l e c t r o p h o r e s i s  (2. 2. 2. 2. ), 
W es te rn  b l o t t i n g  and im m u n o lo g ica l  s t a i n i n g  (2. 2. 2. 3. ) o f  
e j a c u l a t e d  s e m in a l  p lasm a  p r o t e i n s  t o  i d e n t i f y  a n t i g e n i c  
p r o t e i n s ,  e l e c t r o p h o r e s i s  o f  sperm  s u r f a c e  w a sh in g s  was 
c a r r i e d  o u t  (2. 2. 2. 2. ), a p p l y i n g  50 ;ul  p e r  sam ple  w e l l .  
The u n f i x e d  g e l  was s u b s e q u e n t l y  washed w i t h  s e v e r a l  
changes  o f  d i s t i l l e d  w a te r ,  s t a i n e d  w i th  0. 3M CuCl2 ( se e  
Harlow & Lane, 1988) and viewed a g a i n s t  a d a r k  background .  
P r o t e i n  bands a t  11, 25, 43 and 46 kd were e x c i s e d  from
15 g e l s  and each  su s p e n d e d  i n  1 ml o f  0. 15M NaCl/TES u s i n g  
a p e s t l e  and m o r ta r .
2. 5. 2. P r o d u c t i o n .  T e s t i n g  and P r e p a r a t i o n  o f  A n t i s e r a
R a ts  (W is ta r )  were  i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  1 ml o f  
an  e m u ls io n  c o m p r i s i n g  e q u a l  volumes o f  F r e u n d ' s  Complete  
A d ju v a n t  and p r o t e i n  s u s p e n s io n ,  and  s u b s e q u e n t l y  21 days 
l a t e r  w i t h  a s i m i l a r  e m u ls io n  c o m p r i s i n g  e q u a l  volumes o f  
F r e u n d ' s  I n c o m p l e t e  A d ju v a n t  and p r o t e i n  s u s p e n s i o n .
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T a i l  b l e e d s  p e r f o r m e d  10 days f o l l o w i n g  b o o s t e r  i n j e c t i o n  
y i e l d e d  a p p r o x i m a t e l y  500 j i l  o f  b lo o d  from w h ich  a n t i s e r a  
were  p r e p a r e d  and t e s t e d  (2 .2 .  1. 1. ). Ra ts  d e m o n s t r a t i n g  
se rum  sperm a g g l u t i n a t i n g  a c t i v i t y  were a n a e s t h e t i s e d  
( d i e t h y l  e t h e r )  and e x s a n g u i n a t e d  by h e a r t  p u n c tu r e .  
S u b s e q u e n t  p r e p a r a t i o n  and s t o r a g e  o f  a n t i s e r a  f o l lo w e d  
t h e  p r o t o c o l  o u t l i n e d  i n  s e c t i o n  2. 2. 1. 1. .
2. 5. 3. T e s t i n g  A n t i se ru m  S p e c i f i c i t y  bv Im m uno log ica l
S t a i n i n g  o f  B l o t t e d  Seminal  P lasma P r o t e i n s
Sem ina l  p la sm a  p r o t e i n s  were s e p a r a t e d  e l e c t r o p h o r e t i c a l l y  
and b l o t t e d  as d e s c r i b e d  i n  2. 2. 2. 2. and  2. 2. 2. 3. 
r e s p e c t i v e l y .  B l o t t e d  p r o t e i n s  were s t a i n e d  u s i n g  t h e  
m o n o s p e c i f i c  a n t i s e r a  a t  a c o n c e n t r a t i o n  o f  1: 100, and 
s u b s e q u e n t l y  H R P -con juga ted  r a b b i t  a n t i r a t  IgG (Sigma 
Chemica l  Co. ) a t  a c o n c e n t r a t i o n  o f  1:200,  as  d e s c r i b e d  i n  
2. 2. 2. 3. .
B l o t s  were  s u b s e q u e n t l y  examined f o r  c r o s s - r e a c t i v i t y  o f  
a n t i s e r a  w i t h  o t h e r  p r o t e i n s  i n  t h e  s e m in a l  p lasm a  
p r o f i l e .
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2.  6. I n v e s t i g a t i o n  o f  O v i d u c a l  S p e r m  S e l e c t i o n
2. 6. 1. I n - V i t r o  I n v e s t i g a t i o n  o f  Sperm S e l e c t i o n  bv
t h e  U t e r o v a g i n a l  J u n c t i o n  SSTs
2. 6. 1. 1. P r e p a r a t i o n  o f  Q u a i l  U t e r o v a g i n a l  J u n c t i o n
T i s s u e
A d u l t  q u a i l  hens ( i n - l a y )  were s a c r i f i c e d  by c e r v i c a l  
d i s l o c a t i o n  and t h e  u t e r u s  and v a g i n a  e x c i s e d .  The a r e a  
o f  t h e  u t e r o v a g i n a l  j u n c t i o n  c o n t a i n i n g  SSTs was
i d e n t i f i e d  by m ic r o s c o p ic  e x a m in a t io n  o f  mucosal  b i o p s i e s  
a t  X100 m a g n i f i c a t i o n .
Two t y p e s  o f  a e r o b i c  i n c u b a t i o n  were u se d  which  i n v o l v e d  
e i t h e r  s m a l l  random ly  s e l e c t e d  p i e c e s  o f  u t e r o v a g i n a l  
j u n c t i o n  mucosal  t i s s u e  ( a p p r o x i m a t e l y  1 mm3) i n
s u s p e n s i o n ,  o r  t h e  whole o r  p a r t  o f  t h e  whole  u t e r o v a g i n a l  
j u n c t i o n .  I n  t h e  fo rm er  c a s e ,  random ly  s e l e c t e d  mucosal  
t i s s u e  p i e c e s  were  immersed i n  3 ml o f  E a r l e ' s  B a la n c e d  
S a l t  S o l u t i o n  (Flow L a b o r a t o r i e s )  b u f f e r e d  w i t h  20mM TES, 
pH 7. 4, i n  25 ml Nalgene  f l a s k s  i n c u b a t e d  a t  40 °C w i t h  
g e n t l e  a g i t a t i o n .  I n  t h e  l a t t e r  c a s e ,  t i s s u e  was immersed 
i n  t h e  same b u f f e r  i n  35 mm d i a m e t e r  t i s s u e  c u l t u r e  d i s h e s  
(C orn ing )  a t  40 °C w i t h  t h e  mucosal  s u r f a c e  j u s t  exposed .  
A sse ssm e n t  o f  t i s s u e  v i a b i l i t y  was by p e r i o d i c  o b s e r v a t i o n  
o f  t i s s u e  c i l i a r y  a c t i v i t y  (Tanaka & Koga, 1971).
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2. 6. 1. 2. I n c u b a t i o n  o f  Q u a i l  U t e r o v a g i n a l  J u n c t i o n  
T i s s u e  w i t h  Homologous and H e te r o lo g o u s  
Sperm atozoa  I n - V i t r o ,  and A ssessm en t  o f  Sperm 
Access  t o  t h e  SSTs
S p e c i e s  u t i l i s e d  as sperm d onors  i n c l u d e d  q u a i l ,  c h ic k e n ,  
t u r k e y ,  r a t ,  mouse, b u l l  and human. Of t h e s e ,  c h ic k e n ,  
t u r k e y ,  b u l l  and human sp e rm a to z o a  were o b t a i n e d  from 
e j a c u l a t e s .  Sperm atozoa  were o b t a i n e d  from t h e  e p id id y m is  
o f  t h e  mouse and r a t  by s l i c i n g  open and s q u e e z i n g  t h e  
c o n t e n t s  i n t o  a s m a l l  volume o f  b u f f e r e d  E a r l e 7 s B a la n ce d  
S a l t  S o l u t i o n ,  and from t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  o f  
q u a i l  (2 .2 .  1.2.  ). I n  a d d i t i o n ,  s p e r m a to z o a  from t h e  
c h i c k e n  t e s t i s  and p o s t e r i o r  d u c tu s  d e f e r e n s  were  used .
Turkey,  c h i c k e n  and human sp e rm a to z o a  were i n c u b a t e d  w i t h  
u t e r o v a g i n a l  j u n c t i o n  mucosal  t i s s u e  p i e c e s .  I n  each  
c a s e ,  10 X 106 s p e rm a to z o a  i n  200 ^ul o f  E a r l 7 s B a la n ce d  
S a l t  S o l u t i o n  were  added, f o l l o w i n g  p r e i n c u b a t i o n  o f  
6 t i s s u e  p i e c e s  p e r  f l a s k  a t  40 °C f o r  10 m in u te s .
Sperm atozoa  l a y e r e d  o v e r  t h e  u t e r o v a g i n a l  j u n c t i o n  mucosal  
s u r f a c e  were o b t a i n e d  from c h i c k e n  ( t e s t i s ) ,  q u a i l  
( p o s t e r i o r  d u c tu s  d e f e r e n s ) ,  c h i c k e n  ( p o s t e r i o r  d u c tu s  
d e f e r e n s ) ,  mouse ( e p i d i d y m i s ) ,  r a t  ( e p i d i d y m i s ) ,  c h i c k e n  
( e j a c u l a t e ) ,  b u l l  ( e j a c u l a t e )  and human ( e j a c u l a t e ) .  
T i s s u e  was p r e i n c u b a t e d  a t  40 °C f o r  20 m in u te s ,  and 
100  ^il o f  sperm s u s p e n s i o n  l a y e r e d  o v e r  t h e  mucosal  
s u r f a c e .  The number o f  sp e rm a to z o a  u s e d  v a r i e d  w i t h
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s p e c i e s ,  b e in g  10 X 105 f o r  human, b u l l  and c h i c k e n  
e j a c u l a t e d ,  20 X 106 f o r  mouse and r a t  e p id id y m a l  and 
c h i c k e n  t e s t i c u l a r ,  50 X 10s f o r  c h i c k e n  p o s t e r i o r  d u c tu s  
d e f e r e n s  and 120 X 106 f o r  q u a i l  p o s t e r i o r  d u c tu s  d e f e r e n s  
sp e rm a to z o a .
A sse ssm e n t  o f  sperm a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  
SSTs was c a r r i e d  o u t  a f t e r  60 m in u te s  f o r  b o t h  t y p e s  o f  
i n c u b a t i o n .  Due t o  fu n d am e n ta l  d i f f e r e n c e s  among t h e
s p e r m a to z o a  u se d ,  su c h  as morphology,  m o t i l i t y
c h a r a c t e r i s t i c s  and t h e  number o f  sp e rm a to z o a  i n c u b a t e d ,  a 
d i r e c t  c o m p a r is o n  o f  t h e  numbers o f  s p e r m a to z o a  from 
d i f f e r e n t  s p e c i e s  o b s e r v e d  p e r  t u b u l e  was n o t  f e a s i b l e .  
A sse ssm e n t  was made i n  t e rm s  o f  t h e  p e r c e n t a g e  o f  SSTs 
o b s e r v e d  t o  c o n t a i n  sp e rm a to z o a  a f t e r  m i c r o s c o p i c  
e x a m i n a t i o n  o f  s q u a s h  p r e p a r a t i o n s  o f  u t e r o v a g i n a l  
j u n c t i o n  t i s s u e ,  a t  X1000 ( o i l )  m a g n i f i c a t i o n .
2. 6. 1. 3. A ssessm en t  o f  t h e  C r o s s - r e a c t i v i t y  o f
A n t i se ru m .  R a is e d  A g a i n s t  C h icken  E j a c u l a t e d  
Seminal  Plasma P r o t e i n s ,  w i t h  Bovine and Human 
Sperm atozoa
F r e s h  e j a c u l a t e d  b o v in e  and human s p e r m a to z o a  were 
p r e p a r e d  and s t a i n e d  as d e s c r i b e d  i n  2. 2. 1. 2. , and
s u b s e q u e n t l y  examined by e p i f l u o r e s c e n c e  m ic ro s c o p y  a t  
X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  c r o s s - r e a c t i v i t y  o f  
t h e  a n t i s e r u m  w i t h  mammalian sperm s u r f a c e  a n t i g e n s .
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2. 6. 1. 4. I n c u b a t i o n  o f  N e u ram in id a se  and H y p e r to n i c  
B u f f e r  T r e a t e d  C hicken  Sperm atozoa  w i t h  C h icken  
U t e r o v a g i n a l  J u n c t i o n  T i s s u e  I n - V i t r o .  and
A ssessm en t  o f  Sperm Access  t o  t h e  SSTs
A d u l t  c h i c k e n  hens ( i n - l a y )  were  s a c r i f i c e d  by c e r v i c a l  
d i s l o c a t i o n ,  and u t e r o v a g i n a l  j u n c t i o n  t i s s u e  p r e p a r e d  f o r  
n o n - s h a k e n  a e r o b i c  i n c u b a t i o n  as d e s c r i b e d  f o r  q u a i l  
(2. 6. 1. 1. ). C h icken  sp e rm a to z o a  were t r e a t e d  w i t h
n e u r a m in i d a s e  (2. 3. 3. 2. ) o r  0. 25M NaCl/TES (2. 3. 1. 1. ), and 
100 X 10s sp e rm a to z o a  i n  100 ^ 1  o f  0. 15M NaCl/TES l a y e r e d  
o v e r  t h e  u t e r o v a g i n a l  j u n c t i o n  mucosa. C o n t r o l
( u n t r e a t e d )  sp e rm a to z o a  were  i n c u b a t e d  s i m i l a r l y .  A f t e r  a 
2 h o u r  i n c u b a t i o n  a t  40 °C, a s s e s s m e n t  o f  sperm 
a c c e s s i b i l i t y  t o  t h e  SSTs was c a r r i e d  o u t  as d e s c r i b e d  i n  
2. 3. 1. 2. 4. . Sperm m o t i l i t y  was p e r i o d i c a l l y  a s s e s s e d  by 
m ic ro sc o p y  t h r o u g h o u t  t h e  i n c u b a t i o n .  T i s s u e  v i a b i l i t y  
was a s s e s s e d  t h r o u g h o u t  t h e  i n c u b a t i o n  by m i c r o s c o p ic  
e x a m i n a t i o n  o f  c i l i a r y  a c t i v i t y .
2. 6. 1. 5. I n c u b a t i o n  o f  M o r p h o l o g i c a l l y  Abnormal C h ick en  
Sperm atozoa  w i t h  Q u a i l  U t e r o v a g i n a l  J u n c t i o n  
T i s s u e  I n - V i t r o ,  and A ssessm en t  o f  Sperm Access 
t o  t h e  SSTs
C h ick en  sp e rm a to z o a  were  t r e a t e d  w i t h  0 . 4M NaCl/TES 
(2. 3. 1. 1) t o  p ro d u c e  a h ig h  p e r c e n t a g e  o f  abnorm al  forms,
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and r e c o n s t i t u t e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  100 X 106 
s p e r m a to z o a  i n  50 ^ 1  o f  0. 15M NaCl/TES.
Q u a i l  u t e r o v a g i n a l  j u n c t i o n  t i s s u e  was p r e p a r e d  f o r  
n o n - s h a k e n  i n c u b a t i o n  (2. 6. 1. 1. ) and i n c u b a t e d  w i t h  
100 X 106 sp e rm a to z o a  f o r  one h o u r  (2. 6. 1. 2. ). T i s s u e  was 
p r e p a r e d  f o r  a s s e s s m e n t  as d e s c r i b e d  i n  2. 5. 1. 2. , and
a s s e s s m e n t
c o n t a i n i n g
made i n  te rm s  o f  t h e  p e r c e n t a g e  
abnormal  forms.
o f SSTs
2 . 6. 1. 6. I n t r a v a c r i n a l  I n s e m i n a t i o n  o f  O u a i l Hens w i t h
Human Sperm atozoa  and A ssessm en t o f Snerm
Access  t o  t h e  U te ro v ac r in a l  J u n c t i o n SSTs and
Newly O v u la te d  Egg I n - V iv o
Seven q u a i l  hens were i n s e m i n a t e d  i n t r a v a g i n a l l y  w i t h  
15 p.1 o f  e j a c u l a t e d  human semen ( a p p r o x i m a t e l y  1. 5 X 105 
s p e r m a t o z o a ) .  Two b i r d s  were  s a c r i f i c e d  3 h o u r s  a f t e r  
i n s e m i n a t i o n ,  t h e  u t e r o v a g i n a l  j u n c t i o n s  e x c i s e d ,  and SST 
c o n t e n t s  a s s e s s e d  as d e s c r i b e d  i n  2. 6. 1. 2. . Eggs were 
c o l l e c t e d  from t h e  r e m a in in g  5 hens  from t h e  s e c o n d  t o  t h e  
f i f t h  day  f o l l o w i n g  i n s e m i n a t i o n  and c h eck ed  f o r  t h e  
p r e s e n c e  o f  sp e rm a to z o a  t r a p p e d  i n  t h e  o u t e r  p e r i v i t e l l i n e  
l a y e r  ( 2 .3 .  1 . 2 . 5 .  ).
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2.  6.  2. I n v e s t i g a t i o n  o f  t h e  S i t e  o f  O v id u c a l  Sperm 
S e l e c t i o n  i n  t h e  C hicken
I n c u b a t i o n  o f C hicken  and Turkev  S perm atozoa
w i t h  Chicken U t e r o v a g i n a l J u n c t i o n T i s s u e
I n - V i t r o ,  and A ssessm en t  o f Sperm Access t o  t h e
SSTs
A d u l t  c h i c k e n  hens ( i n - l a y )  were  s a c r i f i c e d  by c e r v i c a l  
d i s l o c a t i o n ,  and t i s s u e  p r e p a r e d  f o r  sh a k e n  a e r o b i c  
i n c u b a t i o n  as d e s c r i b e d  f o r  q u a i l  (2. 6. 1. 1. ), w i t h  t h e  
e x c e p t i o n  t h a t  18 t i s s u e  p i e c e s  were  i n c u b a t e d  p e r  f l a s k .  
I n c u b a t i o n s  were c a r r i e d  o u t  as  d e s c r i b e d  i n  2. 6. 1. 2. , 
u s i n g  100 X 106 sp e rm a to z o a  i n  200 ;ul o f  E a r l e ' s  B a la n ce d  
S a l t  S o l u t i o n .  Three  p i e c e s  o f  t i s s u e  were  removed from 
e a c h  i n c u b a t i o n  a f t e r  5, 10, 20, 40, 70 and 100 m in u te s ,  
immersed  b r i e f l y  i n  PBS c o n t a i n i n g  4% fo rm a ld e h y d e  (v /v )  
t o  i m m o b i l i s e  sp e rm a to z o a  on t h e  e x t e r i o r  o f  t h e  t i s s u e ,  
and sperm a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs 
a s s e s s e d  as d e s c r i b e d  i n  2. 3. 1. 2. 4. . M o t i l i t y  and t i s s u e  
v i a b i l i t y  were  a s s e s s e d  t h r o u g h o u t  t h e  i n c u b a t i o n  as 
d e s c r i b e d  i n  2. 6. 1. 3. .
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2.  6.  2.  2. I n v e s t i g a t i o n  o f  A n t i g e n i c  S i m i l a r i t y  Between 
C h icken  and Turkey Sperm atozoa
2. 6. 2. 2. 1. A sse ssm e n t  o f  t h e  C r o s s - r e a c t i v i t y  o f  A n t i s e ru m  
R a is e d  A g a i n s t  C h ick en  E j a c u l a t e d  Sem inal  
P lasma P r o t e i n s ,  w i t h  Turkey  Sperm atozoa
C h ick en  and t u r k e y  sp e rm a to z o a  were  p r e p a r e d  and s t a i n e d  
as d e s c r i b e d  i n  2. 2. 1 . 2 . .
A s se ssm e n t  was c a r r i e d  o u t  as i n  2. 6. 1. 4. .
2. 6. 2. 2. 2. A b s o r p t i o n  o f  A n t i s e ru m  R a is e d  A g a i n s t  C h icken  
E j a c u l a t e d  Seminal  P lasma P r o t e i n s ,  w i t h  F ix e d  
Turkey  Sperm atozoa ,  and S u b s e c u e n t  S t a i n i n g  of  
C h icken  Sperm atozoa
T urkey  semen ( 1 .2  ml) was d i l u t e d  i n  5 ml o f  0. 15M
NaCl/TES, c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  5 °C and
t h e  p e l l e t  r e s u s p e n d e d  i n  1. 2 ml o f  0. 15M NaCl/TES. A
sperm  c o u n t  was p e r fo rm e d  and 2 X 109 s p e r m a to z o a  were  
f i x e d  i n  1 ml o f  0. 15M NaCl/TES c o n t a i n i n g  4% fo rm a ld e h y d e  
( v / v )  f o r  20 m in u te s  a t  room t e m p e r a t u r e .  The sperm 
s u s p e n s i o n  was c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  
5 °C, washed w i t h  1 ml o f  0 . 15M NaCl/TES and n o n - s p e c i f i c  
b i n d i n g  s i t e s  b lo c k e d  w i t h  2 ml o f  normal  g o a t  serum
d i l u t e d  1: 10 w i t h  0. 15M NaCl/TES f o r  30 m in u te s  a t  37 °C.
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A f t e r  c e n t r i f u g a t i o n  a t  700 g f o r  15 m in u te s  a t  5 °C, 
sp e r m a to z o a  were  washed w i t h  1 ml o f  0. 15M NaCl/TES and 
i n c u b a t e d  w i t h  2 ml o f  a n t i s e r u m  d i l u t e d  1: 10 w i t h  0. 15M 
NaCl/TES f o r  30 m in u te s  a t  37 °C. The sperm s u s p e n s i o n  
was c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  5 °C and t h e  
s u p e r n a t a n t  ( a n t i s e r u m )  m i c r o c e n t r i f u g e d  a t  13000 g f o r  
10 m in u te s .  A f t e r  w ash ing  w i t h  2 ml o f  0. 15M NaCl/TES, 
s p e r m a to z o a  were  i n c u b a t e d  w i t h  2 ml o f  F I T C - c o n ju g a te d  
g o a t  a n t i r a b b i t  IgG d i l u t e d  1 :50 i n  0. 15M NaCl/TES f o r  
30 m in u te s  a t  37 °C, c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  
a t  5 °C, washed w i t h  2 ml o f  0. 15M NaCl/TES and f i n a l l y  
r e s u s p e n d e d  i n  1 ml o f  0. 15M NaCl/TES. S perm atozoa  were 
s u b s e q u e n t l y  examined by e p i f l u o r e s c e n c e  m ic ro s c o p y  a t  
X400 and X1000 ( o i l )  m a g n i f i c a t i o n .
The s p e rm -e x p o se d  a n t i s e r u m  was t h e n  i n c u b a t e d  w i t h  a 
f r e s h  a l i q u o t  o f  2 X 109 f i x e d ,  b lo c k e d  t u r k e y  sp e rm a to z o a  
and t h e  s t a i n i n g  p r o c e d u r e  r e p e a t e d  5 t im e s  u n t i l  sperm 
f l u o r e s c e n c e  was no l o n g e r  d e t e c t a b l e .  C h icken
s p e r m a to z o a  were  s u b s e q u e n t l y  s t a i n e d  w i t h  u n t r e a t e d  and 
a b s o r b e d  a n t i s e r a  a c c o r d i n g  t o  t h e  p r o t o c o l  d e s c r i b e d  i n  
2 . 2. 1. 2. and examined by e p i f l u o r e s c e n c e  m ic ro s c o p y  a t  
X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  d i f f e r e n c e s  i n  
s t a i n i n g  r e l a t e d  t o  a n t i s e r u m  a b s o r p t i o n .
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2. 6. 2. 3. I n t r a v a q i n a l and U t e r o v a g i n a l J u n c t i o n
I n s e m i n a t i o n  o f  C h ick en  Hens w i t h  C h ick en  and 
Turkey  Sperm atozoa .  and A ssessm en t  o f  Suerm 
Access  t o  t h e  U t e r o v a g i n a l  J u n c t i o n  SSTs
Semen from c h ic k e n s  and t u r k e y s  were  d i l u t e d  t o  800 X 106 
sp e r m a to z o a /m l  i n  0. 15M NaCl/TES. I n t r a v a g i n a l  o r
u t e r o v a g i n a l  j u n c t i o n  (2. 3. 1. 2. 4. ) i n s e m i n a t i o n  o f  hens 
w i t h  20 X 106 c h i c k e n  o r  t u r k e y  sp e rm a to z o a  was t h e n  
p e r fo rm ed .
Sperm a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs was 
a s s e s s e d  as d e s c r i b e d  i n  2. 3. 1. 2. 4. .
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2. 6. 3. I n v e s t i g a t i o n  o f  t h e  P h v s i o lo c r i c a l  B a s i s  o f
O v id u ca l  Sperm S e l e c t i o n  i n  t h e  C h ick en
2. 6. 3. 1. P r o t o c o l  f o r  I m m u n o f lu o r e s c e n t  and L iv e /D ea d
S t a i n i n g  o f I n t r a v a g i n a l l v  I n s e m i n a t e d C h icken
and Turkev Sperm atozoa  Recovered  bv V a g in a l
Lavaae
C h ick en  hens were  i n s e m i n a t e d  i n t r a v a g i n a l l y  w i t h  
200 X 106 c h i c k e n  o r  t u r k e y  sp e rm a to zo a .  V a g in a l  l a v a g e  
was s u b s e q u e n t l y  p e r fo rm e d  on hens 20 m in u te s ,  1, 2, 4, 8
o r  18 h o u r s  p o s t - i n s e m i n a t i o n  by f l u s h i n g  t h e  a n t e r i o r  
v a g i n a  w i t h  1 ml o f  0. 15M NaCl/TES i n t o  5 ml p o l y t h e n e  
t u b e s .  Sperm c o u n ts  were p e r f o r m e d  on w a sh in g s  o b t a i n e d  
20 m in u te s  p o s t - i n s e m i n a t i o n .
V a g in a l  w ash ings  were c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  
a t  5 °C and n o n - s p e c i f i c  b i n d i n g  s i t e s  b l o c k e d  w i t h  200 ) i l  
o f  normal  r a b b i t  serum d i l u t e d  1: 10 w i t h  0. 15M NaCl/TES, 
f o r  30 m in u te s  a t  37 °C. A f t e r  c e n t r i f u g a t i o n  a t  700 g 
f o r  10 m in u te s  a t  5 °C, s p e r m a to z o a  were  washed  w i t h  
500 ;ul o f  0. 15M NaCl/TES and i n c u b a t e d  w i t h  100 ^pl o f  FITC 
c o n j u g a t e d  r a b b i t  a n t i c h i c k e n  IgG (Sigma Chemica l  Co. ) 
d i l u t e d  1: 30 w i t h  0. 15M NaCl/TES, f o r  30 m in u te s  a t  37 °C. 
The sperm s u s p e n s i o n  was t h e n  made up t o  500 p.1 w i t h  0. 15M 
NaCl/TES, c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C, 
washed w i t h  500 ;ul o f  0. 15M NaCl/TES, and r e s u s p e n d e d  i n  
50 ^Jil o f  0. 15M NaCl/TES. C o n t r o l  n o n - i n s e m i n a t e d
sp e r m a to z o a  (1 X 106) were t r e a t e d  i d e n t i c a l l y .
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Sperm ato zo a  were  examined by e p i f l u o r e s c e n c e  m ic ro s c o p y  a t  
X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  t h e  p r e s e n c e  and 
d i s t r i b u t i o n  o f  c h i c k e n  IgG on t h e i r  s u r f a c e .
L i v e / d e a d  s t a i n i n g  o f  l a v a g e d  s p e rm a to z o a  was c a r r i e d  o u t  
u s i n g  n i g r o s i n  and e o s i n  (2. 3. 1. 2. 3. ). C o n t r o l  
n o n - i n s e m i n a t e d  s p e rm a to z o a  d i l u t e d  1: 100 w i t h  0. 15M 
NaCl/TES were  t r e a t e d  i d e n t i c a l l y .
P lasma membrane P e r m e a b i l i s a t i o n  and
Immunocrlobulin B in d in a t o  t h e  Snerm S u r f a c e
D e t e r m i n a t i o n  o f  t h e C om nara t ive  E f f i c i e n c i e s
o f  N i a r o s i n  and E os in . and P ro n id iu m  I o d i d e  as
V i t a l  S t a i n s
C h ick e n  semen was d i l u t e d  1:250 w i t h  0. 15M NaCl/TES. The 
f l u o r e s c i n g  v i t a l  s t a i n  p r o p id iu m  i o d i d e  (Sigma Chemical  
Co. ) ( H a r r i s o n  & V i c k e r s ,  1990; Graham e t  a l . . 1990) was 
d i l u t e d  from s t o c k  t o  400 and 40 ;ug/ml i n  0. 15M NaCl/TES. 
Fo r  a s s a y  5 p.1 o f  p ro p id iu m  i o d i d e  (PI)  s o l u t i o n  was added 
t o  95 p.1 o f  sperm s u s p e n s io n .  N i g r o s i n  and e o s i n  was u se d  
as d e s c r i b e d  i n  2. 3. 1. 2. 3. .
I n  some c a s e s ,  t h e  c o n c e n t r a t i o n s  o f  s p e r m a to z o a  r e c o v e r e d  
by v a g i n a l  l a v a g e  were low, p a r t i c u l a r l y  many h o u rs  
f o l l o w i n g  i n s e m i n a t i o n .  C o n s e q u e n t ly ,  s e v e r a l  m in u te s
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were  o f t e n  s p e n t  exam in ing  s i n g l e  m ic ro sc o p e  s l i d e s ,  and 
a c c o r d i n g l y  i t  was i m p o r t a n t  t o  e s t a b l i s h  w h e t h e r  PI 
i t s e l f  would i n f l u e n c e  t h e  l i v e / d e a d  r a t i o  as  a f u n c t i o n  
o f  t im e .
Sperm atozoa  were  i n c u b a t e d  w i t h  PI a t  b o th  c o n c e n t r a t i o n s  
and 15 ^ 1  o f  sperm s u s p e n s i o n  t r a n s f e r r e d  t o  a m ic ro sc o p e  
s l i d e  w i t h  c o v e r s l i p ,  examined by e p i f l u o r e s c e n c e  
m ic ro sc o p y  a t  X400 m a g n i f i c a t i o n  and t h e  p e r c e n t a g e  o f  
s p e rm a to z o a  s t a i n e d  d e te r m in e d .  The a s s e s s m e n t  was 
r e p e a t e d  a f t e r  5 and 10 m in u te s .
N i g r o s i n  and e o s i n - s t a i n e d  s p e rm a to z o a  (15 ; u l ) were 
sm eared  o v e r  a m ic ro sc o p e  s l i d e  and a i r - d r i e d  (Lake & 
S t e w a r t ,  1978).  Two f u r t h e r  15 ;ul a l i q u o t s  were 
t r a n s f e r r e d  t o  m ic ro sc o p e  s l i d e s  and i n c u b a t e d  u n d e r  
c o v e r s l i p s  f o r  5 and 10 m in u te s .  C o v e r s l i p s  were  removed 
and s p e r m a to z o a  sm eared  a c r o s s  t h e  s l i d e s  and a i r - d r i e d .  
S l i d e s  were  v iew ed m i c r o s c o p i c a l l y  a t  X1000 ( o i l )  
m a g n i f i c a t i o n  and t h e  p e r c e n t a g e  o f  s p e r m a to z o a  s t a i n e d  
d e te r m in e d .
I n  a d d i t i o n ,  15 ^ul o f  sperm s u s p e n s i o n  c o n t a i n i n g  PI a t  a 
c o n c e n t r a t i o n  o f  20 ^ug/ml was t r a n s f e r r e d  t o  a m ic ro sc o p e  
s l i d e  a f t e r  30 m in u te s  i n c u b a t i o n  a t  room t e m p e r a t u r e  and 
i m m e d ia t e l y  a s s e s s e d  as d e s c r i b e d  above,  u s i n g  
e p i f l u o r e s c e n c e  m icroscopy .
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2. 6. 3. 2. 2. P r o t o c o l  f o r  A n t i  c h i c k e n  IgG and P ro n id iu m  
I o d i d e  S t a i n i n g  o f  Sperm atozoa  R e co v e red  from 
t h e  V ag ina  bv Lava ere. F o l lo w in g  I  n t r a  v a g i n a l  
I n s e m i n a t i o n
V a g in a l  l a v a g e  was p e r fo rm e d  a f t e r  i n t r a v a g i n a l  
i n s e m i n a t i o n  o f  c h i c k e n  s p e r m a to z o a  as d e s c r i b e d  i n  
2. 6. 3. 1. . F o l lo w in g  i n c u b a t i o n  w i t h  F I T C - c o n ju g a te d
r a b b i t  a n t i c h i c k e n  IgG (2. 6. 3 . 1 ) ,  sp e r m a to z o a  were 
r e s u s p e n d e d  i n  50 ^ 1  o f  0 . 15M NaCl/TES c o n t a i n i n g  PI a t  a 
f i n a l  c o n c e n t r a t i o n  o f  2 ^ug/ml. Spe rm atozoa  were  examined 
by e p i f l u o r e s c e n c e  m ic ro sc o p y  a t  X400 and X1000 ( o i l )  
m a g n i f i c a t i o n  and a s s e s s m e n t  made i n  te rm s  o f  t h e  
p e r c e n t a g e  o f  s p e r m a to z o a  s t a i n i n g  dead  ( p e rm e a te d  by P I ) ,  
t h e  p e r c e n t a g e  o f  sp e rm a to zo a  w i t h  c h i c k e n  IgG bound t o  
t h e i r  s u r f a c e ,  and t h e  p e r c e n t a g e  o f  s p e rm a to z o a  
e x h i b i t i n g  b o t h  s t a i n s .
2. 6. 3. 3. I n v e s t i g a t i o n  o f  C h ick en  Im m unog lobu l in  B in d in g
and L iv e /D ead S t a t u s o f  Sperm atozoa  R ecovered
bv V a g in a l Lavage. and A ssessm en t  o f  Sperm
Access  t o t h e Newlv O v u la te d  Egg I n - V iv o ,  i n
P r e v i o u s 1v I n s e m i n a t e d  and V i r g i n  Hens o f  t h e
Same Age
V i r g i n  hens  and hens p r e v i o u s l y  i n s e m i n a t e d  a number o f  
t im e s  o v e r  p r e c e d i n g  months were i n t r a v a g i n a l l y  
i n s e m i n a t e d  and v a g i n a l  l a v a g e ,  im m u n o f lu o r e s c e n t
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s t a i n i n g ,  l i v e / d e a d  s t a i n i n g  and t h e i r  s u b s e q u e n t  
a s s e s s m e n t s  c a r r i e d  o u t  as d e s c r i b e d  i n  2. 6. 3. 1. .
Sperm a c c e s s  t o  t h e  newly o v u l a t e d  egg i n - v i v o  i n  
i n t r a v a g i n a l l y  i n s e m i n a t e d  hens was a s s e s s e d  as d e s c r i b e d  
i n  2. 3. 1. 2. 5. .
2. 6. 3. 4. A ssessm en t  o f  C h icken  Im m unog lobu l in  B in d in g  t o  
Human and G e r b i l  Sperm atozoa  R eco v e red  from t h e  
Ch icken  Vagina  bv Lavage
C hick en  hens  were  i n s e m i n a t e d  i n t r a v a g i n a l l y  w i t h  human 
semen c o n t a i n i n g  50 X 106 e j a c u l a t e d  s p e r m a to z o a  o r  p o o l e d  
g e r b i l  e p i d i d y m a l / v a s  d e f e r e n s  sp e rm a to z o a  and r e c o v e r e d  
by v a g i n a l  l a v a g e  (2. 6. 3. 1. ) 10 m in u te s  p o s t - i n s e m i n a t i o n .  
Lavaged s p e rm a to z o a  and n o n - i n s e m i n a t e d  c o n t r o l  
s p e rm a to z o a  (1 X 106) were s t a i n e d  w i t h  FITC c o n j u g a t e d  
r a b b i t  a n t i c h i c k e n  IgG and s u b s e q u e n t l y  a s s e s s e d  as 
d e s c r i b e d  i n  2. 6. 3. 1. .
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2 .  6 .  3 .  5 . A s s e s s m e n t  o f  C h i c k e n  I m m u n o g l o b u l i n  B i n d i n g  t o
C hicken  Sperm atozoa  R eco v e red  from t h e
U t e r o v a g i n a l J u n c t i o n and I n f u n d ib u lu m
F o l lo w in g I n t r a v a g i  n a l and I n t r a u t e r i n e
I n s e m i n a t i o n
C h ick en  hens  were  i n t r a v a g i n a l l y  i n s e m i n a t e d  t w i c e  d a i l y  
o v e r  3 days  w i t h  1 X 109 c h i c k e n  sp e rm a to zo a .  F o r t y  e i g h t  
h o u rs  f o l l o w i n g  f i n a l  i n s e m i n a t i o n ,  hens were  s a c r i f i c e d  
by c e r v i c a l  d i s l o c a t i o n  and t h e  e n t i r e  o v i d u c t  e x c i s e d .  
A l t e r n a t i v e l y ,  hens were  i n s e m i n a t e d  i n t r a u t e r i n e l y  w i t h  
200 X 106 s p e rm a to z o a  and s a c r i f i c e d  3-4  h o u rs  a f t e r  
i n s e m i n a t i o n .  The u t e r o v a g i n a l  j u n c t i o n s  and i n f u n d i b u l a e  
were  removed s e p a r a t e l y ,  opened up and p l a c e d  lumen-down 
i n t o  a s m a l l  volume o f  0. 15M NaCl/TES i n  a p e t r i  d i s h .  
Spe rm atozoa  were  removed from t h e  mucosa by a g i t a t i o n ,  
c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  5 °C, s t a i n e d  w i t h  
F I T C - c o n ju g a te d  r a b b i t  a n t i c h i c k e n  IgG and s u b s e q u e n t l y  
a s s e s s e d  as d e s c r i b e d  i n  2. 6. 3. 1. .
2. 6. 3. 6. P r o t o c o l  f o r  H i s t o l o g i c a l  S t a i n i n g  o f  C h icken
V a g in a l______Mucosal______ Smears______ P r e - ______ and
P o s t - i n s e m i n a t i o n
Mucosal sm ears  were o b t a i n e d  from n o n - i n s e m i n a t e d  hens  and 
from hens  2 h o u rs  p o s t - i n s e m i n a t i o n .  Smears were o b t a i n e d  
by i n s e r t i n g  a m o d i f i e d  to n g u e  d e p r e s s o r  i n t o  t h e  e v e r t e d  
v a g i n a  and g e n t l y  s c r a p i n g  i n  a c lo c k w i s e  d i r e c t i o n .
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M a t e r i a l  o b t a i n e d  was sm eared  o n to  m ic ro sc o p e  s l i d e s  and 
a i r - d r i e d .  Leishmans S t a i n  (BDH C h em ica ls )  (0. 15% i n  
m e th a n o l )  was added,  d i l u t e d  w i t h  d i s t i l l e d  w a t e r  a f t e r  
2 m in u te s ,  t h e n  l e f t  a t  room t e m p e r a t u r e  f o r  15 m in u te s .  
S l i d e s  were  t h e n  r i n s e d  t h o r o u g h l y  w i t h  d i s t i l l e d  w a te r ,  
a i r - d r i e d  and examined by l i g h t  m ic ro sc o p y  a t  X400 and 
X1000 ( o i l )  m a g n i f i c a t i o n .
2. 6. 4. A sse ssm en t  o f  C h icken  Im m unog lobu l in  B in d in g
and L iv e /D ead  S t a t u s  o f  Ch icken  S perm atozoa  
I n c u b a t e d  I n - V i t r o  w i t h  V a g in a l  Mucosa. and 
S u b seq u e n t  Sperm Access  t o  t h e  Newly O v u la te d  
Egg I n - V iv o
C h ick e n  hens were  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  and 
t h e  v a g i n a l  and i n f u n d i b u l a r  r e g i o n s  e x c i s e d .  T i s s u e  was 
c u t  l o n g i t u d i n a l l y  and i n c u b a t e d  a t  40 °C i n  b u f f e r e d  
E a r l e ' s  B a la n c e d  S a l t  S o l u t i o n  w i t h  t h e  m ucosal  s u r f a c e  a t  
t h e  l i q u i d - a i r  i n t e r f a c e .  A f t e r  10 m in u te s  i n c u b a t i o n ,  
10 X 106 c h i c k e n  sp e rm a to z o a  i n  100 / i l  o f  E a r l e ' s  B a la n c e d  
S a l t  S o l u t i o n  were  l a y e r e d  o v e r  t h e  mucosal  s u r f a c e .  A 
s i m i l a r  number o f  c o n t r o l  s p e rm a to z o a  were  i n c u b a t e d  i n  
t h e  same b u f f e r  a t  40 °C. A f t e r  a 60 m in u te  i n c u b a t i o n ,  
s p e r m a to z o a  were  d i s p l a c e d  i n t o  t h e  b u f f e r  by a g i t a t i o n ,  a 
l i v e / d e a d  c o u n t  p e r f o r m e d  (2. 3. 1. 2. 3. ) and t h e  sperm 
c o n c e n t r a t i o n  a d j u s t e d  t o  5 X 106 i n  500 ^ul. Sperm
s u s p e n s i o n s  were  c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  
5 °C and im m u n o f lu o r e s c e n t  s t a i n i n g  and s u b s e q u e n t  sperm
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a s s e s s m e n t  c a r r i e d  o u t  on c o n t r o l  and v a g i n a l l y  i n c u b a t e d  
s p e r m a to z o a  as  d e s c r i b e d  i n  2. 6. 3. 1. .
Spe rm atozoa  i n t e n d e d  f o r  i n t r a v a g i n a l  i n s e m i n a t i o n  
f o l l o w i n g  i n c u b a t i o n  w i t h  v a g i n a l  mucosa i n - v i t r o  were 
i n i t i a l l y  d i l u t e d  1: 1 w i t h  E a r l e ' s  B a la n ce d  S a l t  S o l u t i o n  
and 200 X 106 l a y e r e d  o v e r  each  v a g i n a l  mucosa. A f t e r  
r e c o v e r y  from t h e  t i s s u e ,  20 X 106 c o n t r o l  o r  
v a g i n a l l y - i n c u b a t e d  sp e rm a to z o a  i n  50 ,ul o f  t h e  same 
b u f f e r  were i n s e m i n a t e d  p e r  hen, and sperm a c c e s s  t o  t h e  
newly o v u l a t e d  egg a s s e s s e d  by c o u n t i n g  t h e  number o f  
sp e rm a to z o a  t r a p p e d  i n  t h e  o u t e r  p e r i v i t e l l i n e  l a y e r  o f  
t h e  f i r s t  f e r t i l e  egg (2. 3. 1. 2. 5. ).
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2 . 7.
2. 7. 1.
by.-th9-QyJ-43A.g-t
A sse ssm e n t  o f  Snerm S u r f a c e Chance i n
Sperm atozoa  Recovered from t h e Uterovacri  n a l
J u n c t i o n  and I n f u n d ib u lu m  a t  Around t h e  Time o f
O v u l a t i o n  f o l l o w i n a  I n t r a v a a i n a l I n s e m i n a t i o n
C h ick e n  hens  were  i n s e m i n a t e d  i n t r a v a g i n a l l y  t w i c e  d a i l y  
f o r  3 days w i t h  1 X 109 c h i c k e n  s p e rm a to z o a ,  and 
s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  25 m in u te s  f o l l o w i n g  
o v i p o s i t i o n  on t h e  s e co n d  day  a f t e r  t h e  f i n a l
i n s e m i n a t i o n .  Sperm atozoa  were  r e c o v e r e d  from
u t e r o v a g i n a l  j u n c t i o n  and i n f u n d i b u l a r  mucosae as 
d e s c r i b e d  i n  2. 6. 3. 5. . Each sam ple  was d i v i d e d  i n t o  2, 
c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  5 °C and p e l l e t s  
r e s u s p e n d e d  i n  500 j&l o f  0. 15M NaCl/TES o r  0. 15M NaCl/TES 
c o n t a i n i n g  4% form aldehyde .  A f t e r  i n c u b a t i o n  a t  room 
t e m p e r a t u r e  f o r  20 m in u te s ,  sperm s u s p e n s i o n s  were
c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C, washed w i t h  
500 ;ul  o f  0. 15M NaCl/TES and r e s u s p e n d e d  i n  100 ^ 1  o f
0. 15M NaCl/TES. C o n t r o l  e j a c u l a t e d  sp e rm a to z o a
(0. 25 X 105) were  t r e a t e d  s i m i l a r l y .  Im m u n o f lu o r e s c e n t  
s t a i n i n g  o f  f i x e d  sp e rm a to z o a  and WGA s t a i n i n g  o f  u n f i x e d  
and f i x e d  sp e rm a to z o a  were c a r r i e d  o u t  as d e s c r i b e d  i n  
2. 2. 1. 2. and 2. 2. 1. 3. r e s p e c t i v e l y .
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S perm atozoa  were  examined by e p i f l u o r e s c e n c e  m ic ro s c o p y  a t  
X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  o v i d u c t - i n d u c e d  
sperm s u r f a c e  changes .
2. 7. 2. Recovery  o f  Sperm atozoa  from t h e  C h ick e n  V ag ina
bv Lavage.  and WGA S t a i n i n g .  f o l l o w i n g
I n t r a v a c r i n a l  I n s e m i n a t i o n
C h ick en  hens were i n s e m i n a t e d  i n t r a v a g i n a l l y  w i t h
200 X 106 c h i c k e n  sp e rm ato zo a .  V a g in a l  l a v a g e  was c a r r i e d  
o u t  a f t e r  1 h o u r  o r  5 h o u r s ,  as d e s c r i b e d  i n  2. 6. 3. 1. . 
Washings were  c e n t r i f u g e d  a t  700 g f o r  15 m in u te s  a t  5 °C 
and t h e  p e l l e t s  r e s u s p e n d e d  i n  45 ^ i l  o f  0. 15M NaCl/TES. 
Lavaged and c o n t r o l  e j a c u l a t e d  (1 X 106) sp e r m a to z o a  were 
s t a i n e d  w i t h  WGA as d e s c r i b e d  i n  2. 2. 1. 3. and examined by 
e p i f l u o r e s c e n c e  m ic ro sc o p y  a t  X400 and X1000 ( o i l )  
m a g n i f i c a t i o n  f o r  changes  i n  l e c t i n  s t a i n i n g  r e l a t e d  t o  
r e s i d e n c e  w i t h i n  t h e  v a g in a .
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2. 7. 3.
2. 7. 3. 1.
I  nves t i  crati on o f  t h e E f f e c t o f Exposure 0 f
Spe rm atozoa  t o O v a r i a n P o c k e t F l u i d  (OPF) and
P e r i v i t e l l i n e L av e r  o f t h e  Eacr I n - V i t r o . on
Sperm S u r f a c e  A n t i g e n i c i t y  and WGA S t a i n i n g
C o l l e c t i o n  and P r e p a r a t i o n o f OPF. and
P e r i v i t e l l i n e L av e r  from Newl v O v u la te d .
F o l l i c u l a r  and L a id  Egcrs
C h ick en  hens  were s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  
25 m in u te s  f o l l o w i n g  o v i p o s i t i o n  and t h e  abdomen opened. 
The o v i d u c t  was m a n i p u l a t e d  u n t i l  t h e  o v a r i a n  f o l l i c l e s  
c o u ld  be o b s e r v e d ,  and o v a r i a n  p o c k e t  f l u i d  (OPF), f r e e  
f rom b lo o d ,  c o l l e c t e d  by p a s t e u r  p i p e t t e  and 
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s .
Newly o v u l a t e d  eggs were c o l l e c t e d  from t h e  body c a v i t y  
p r i o r  t o  e n t e r i n g  t h e  i n fu n d ib u lu m .  S q u a re s  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  a p p r o x i m a t e l y  1 cm2 i n  a r e a  were  
e x c i s e d  from t h e  an im al  and v e g e t a l  p o l e s ,  washed 
t h o r o u g h l y  w i t h  0 . 15M NaCl/TES and immersed i n  Minimum 
E s s e n t i a l  Medium (M odif ied  E a g l e ' s ;  Flow L a b o r a t o r i e s ) .  
E a r l y  (10-15  mm d i a m e t e r )  and i n t e r m e d i a t e  (20-25  mm 
d i a m e t e r )  f o l l i c u l a r  o o c y te s  were  e x c i s e d  from t h e  ov a ry ,  
opened,  washed t h o r o u g h l y  w i t h  0. 15M NaCl/TES t o  remove 
t h e  y o lk ,  and t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  t e a s e d  f r e e  o f  
t h e  o v e r l y i n g  f o l l i c u l a r  membrane. A f t e r  t h o r o u g h  w ash in g  
t o  remove a d h e r e n t  c e l l s ,  1 cm2 p i e c e s  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  were immersed i n  Minimum E s s e n t i a l
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Medium (M. E. M. ). Whole p e r i  v i t e l l i n e  l a y e r  from f r e s h l y  
l a i d  eggs o b t a i n e d  from n o n - i n s e m i n a t e d  hens were  p r e p a r e d  
as d e s c r i b e d  f o r  i n n e r  p e r i v i t e l l i n e  l a y e r .
2. 7. 3. 2. I n c u b a t i o n  o f  Sperm atozoa  w i t h  OPF and 
P e r i v i t e l l i n e  L aver  o f  t h e  Egg I n - V i t r o ,  and 
S u b seq u e n t  Sperm I m m u n o f lu o r e s c e n t  and WGA 
S t a i n i n g
C hick en  semen was d i l u t e d  t o  8 X 105 s p e r m a to z o a /m l  o f  
M. E. M. , and 500 ^il  added t o  4 ml p o l y c a r b o n a t e  t u b e s  
c o n t a i n i n g  500 ^ 1  o f  M. E. M. o r  OPF. The sperm s u s p e n s i o n s  
were  i n c u b a t e d  a t  40 °C f o r  10 m in u te s  p r i o r  t o  t h e  
a d d i t i o n  o f  1 cm2 s h e e t s  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  from 
t h e  an im a l  o r  v e g e t a l  p o l e  o f  newly o v u l a t e d  eggs t o  one 
t u b e  e ac h  c o n t a i n i n g  M. E. M. a lo n e  o r  M. E. M. + OPF.
V e g e ta l  p o l e  from f o l l i c u l a r  eggs ,  o r  whole p e r i v i t e l l i n e  
l a y e r  from l a i d  eggs were s i m i l a r l y  t r e a t e d .  A f t e r  a 
f u r t h e r  i n c u b a t i o n  a t  40 °C f o r  60 m in u te s  ( i n c u b a t i o n s  
were  a l s o  c a r r i e d  o u t  o v e r  t h e  f u l l  70 m in u te  p e r i o d  i n  
t h e  a b s e n c e  o f  p e r i v i t e l l i n e  l a y e r ) ,  t h e  membranes were 
removed,  t h e  sperm s u s p e n s i o n s  d i v i d e d  e q u a l l y  and 
c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C, and p e l l e t s  
r e s u s p e n d e d  i n  500 ;ul o f  0. 15M NaCl/TES o r  0. 15M NaCl/TES 
c o n t a i n i n g  4% fo rm ald eh y d e  ( v / v ) .  A f t e r  a 20 m in u te  
i n c u b a t i o n  a t  room t e m p e r a t u r e  t h e  sperm s u s p e n s i o n s  were 
c e n t r i f u g e d  a t  700 g f o r  10 m in u te s  a t  5 °C and 
s u b s e q u e n t l y  s t a i n e d  w i t h  F IT C -c o n ju g a te d  WGA o r  a n t i s e r u m
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r a i s e d  a g a i n s t  c h i c k e n  e j a c u l a t e d  se m in a l  p la sm a  p r o t e i n s ,  
and F I T C - c o n ju g a te d  g o a t  a n t i r a b b i t  IgG, as d e s c r i b e d  i n  
2. 2. 1. 3. and  2. 2. 1. 2. r e s p e c t i v e l y .
Sp e rm ato zo a  were  s u b s e q u e n t l y  examined by e p i f l u o r e s c e n c e  
m ic r o s c o p y  a t  X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r  OPF 
and i n n e r  p e r i v i t e l l i n e  l a y e r  i n d u c e d  changes  i n  sperm 
s u r f a c e  a n t i g e n i c i t y  and WGA b i n d i n g ,  and d i f f e r i n g  
e f f e c t s  p ro d u c e d  by t h e  d i f f e r e n t  p e r i v i t e l l i n e  l a y e r s  
used .
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I n - V i t r o I n v e s t i c r a t i o n  o f  Sperm-Ecra
I n t e r a c t i o n . i n  Domestic  B i r d s
A ssessm en t o f  I n n e r  P e r i v i t e l l i n e  L aver
H v d r o l v s i s R esu l t in c r  from I n - V i t r o  I n c u b a t i o n
w i t h  Spermatozoa ,  and I n v e s t i  ora t ion  o f  t h e
E f f e c t  o f OPF on S p e rm - In n e r  P e r i v i t e l l i n e
L av e r  I n t e r a c t i o n  I n - V i t r o
I n n e r  p e r i v i t e l l i n e  l a y e r  from t h e  an im al  and v e g e t a l  
p o l e s  o f  newly o v u l a t e d  eggs ,  v e g e t a l  p o l e  o f  f o l l i c u l a r  
eggs ,  and whole  p e r i v i t e l l i n e  l a y e r  from t h e  v e g e t a l  p o l e  
o f  l a i d  eggs were  p r e p a r e d  as d e s c r i b e d  i n  2. 7. 3. 1. .
E j a c u l a t e d  c h i c k e n  semen was d i l u t e d  t o  40 X 106 
s p e rm a to z o a /m l  o f  M. E. M. and 500 ;ul added t o  500 ;ul o f  
M. E. M. o r  OPF. The sperm s u s p e n s i o n s  were s u b s e q u e n t l y  
i n c u b a t e d  f o r  30 m in u te s  a t  40 °C p r i o r  t o  t h e  a d d i t i o n  o f  
p e r i v i t e l l i n e  l a y e r .  Only i n n e r  p e r i v i t e l l i n e  l a y e r  from 
t h e  v e g e t a l  p o l e  o f  newly o v u l a t e d  eggs was i n c u b a t e d  i n  
t h e  p r e s e n c e  o f  OPF. M o t i l i t y  was checked  m i c r o s c o p i c a l l y  
a p p r o x i m a t e l y  one m inu te  a f t e r  a d d i t i o n  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r ,  and membranes were removed a f t e r  
5 m in u te s  i n c u b a t i o n ,  washed w i t h  0. 15M NaCl/TES and f i x e d  
f o r  2 h o u rs  i n  0. 15M NaCl/TES c o n t a i n i n g  8% fo rm a ld eh y d e  
( v / v ) .  A f t e r  w ash in g  w i t h  0. 15M NaCl/TES, membranes were 
s t a i n e d  o v e r n i g h t  i n  250^ul o f  0. 15M NaCl/TES c o n t a i n i n g  
10 ^ g / m l  o f  F IT C -c o n ju g a te d  WGA. C o n t r o l  membranes n o t  
i n c u b a t e d  w i t h  s p e rm a to z o a  were i d e n t i c a l l y  f i x e d  and
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s t a i n e d .  S u b seq u e n t  t o  s t a i n i n g ,  q u a n t i t a t i o n  o f  p o i n t s  
o f  h y d r o l y s i s  on t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  was c a r r i e d  
o u t .  A sse ssm e n t  was made i n  t e rm s  o f  t h e  number o f  p o i n t s  
o f  h y d r o l y s i s  p e r  f u l l  m ic r o s c o p ic  f i e l d  a t  X400 
m a g n i f i c a t i o n  (0 .5 5  mm d i a m e t e r ) ,  u s i n g  e p i f l u o r e s c e n c e  
m ic ro sco p y .
P a r a l l e l  i n c u b a t i o n s  were run ,  i n  which i n n e r  
p e r i v i t e l l i n e  l a y e r  s h e e t s  were  i n c u b a t e d  w i t h  sp e r m a to z o a  
i n  t h e  p r e s e n c e  o r  a b se n c e  o f  OPF f o r  2 h o u rs .  E o s in  
e x c l u s i o n  (2. 3. 1. 2. 3. ) was a s s a y e d  i m m e d ia te ly  p r i o r  t o  
t h e  a d d i t i o n  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  s h e e t s ,  a f t e r  a 
f u r t h e r  90 m in u te  i n c u b a t i o n  i n  t h e  a b se n c e  o f
p e r i v i t e l l i n e  l a y e r ,  and a f t e r  5 m in u te s  and 90 m in u te s  
i n c u b a t i o n  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  from t h e  v e g e t a l  
p o l e  o f  newly o v u l a t e d  eggs.  M o t i l i t y  (2. 3. 1. 2. 1. ) was 
a s s a y e d  a f t e r  10 m in u te s  i n c u b a t i o n  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  i n n e r  p e r i v i t e l l i n e  l a y e r ,  f o l l o w i n g  t h e  
i n i t i a l  30 m in u te  i n c u b a t i o n .
2. 8. 2. I n - v i t r o  I n v e s t i g a t i o n  o f  t h e  S p e c i f i c i t y  o f
S p e r m - in n e r  P e r i v i t e l l i n e  L av e r  I n t e r a c t i o n
2. 8. 2. 1. SDS-PAGE o f  P e r i  v i t e l l i n e  L av e r  from t h e  Animal 
and V e g e ta l  P o le s  o f  F r e s h l y  L a id  Eggs
Twelve f r e s h l y  l a i d  eggs from n o n - i n s e m i n a t e d  hens were  
opened  and t h e  ovum and albumen s e p a r a t e d .  The an im a l
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p o l e  was i d e n t i f i e d  and 1 cm2 p i e c e s  o f  p e r i  v i t e l l i n e  
l a y e r  from b o t h  p o l e s  e x c i s e d  and washed t h o r o u g h l y  w i t h  
0. 15M NaCl/TES. Membranes were s u b s e q u e n t l y  immersed i n  
3 ml o f  0. 15M NaCl/TES and s o n i c a t e d  (DAWE SONIPROBE 
7530A).
M o l e c u l a r  w e ig h t  m arkers  and membrane p r e p a r a t i o n s  were  
d i l u t e d  t o  a f i n a l  c o n c e n t r a t i o n  o f  1: 20 and 1: 1 
r e s p e c t i v e l y  i n  b o i l i n g  mix, s u b j e c t e d  t o  e l e c t r o p h o r e s i s  
and s i l v e r  s t a i n e d  (2. 2. 2. 2. ).
E l e c t r o p h o r e t i c  p r o f i l e s  were s u b s e q u e n t l y  examined f o r  
d i f f e r e n c e s  i n  p r o t e i n  c o m p o s i t i o n  be tw een  t h e  an im al  and 
v e g e t a l  p o l e s .
2. 8. 2. 2. I n - V i t r o  A ssessm en t  o f  H e te r o lo g o u s  Avian  
S n e r m - in n e r  P e r i v i t e l l i n e  L aver  I n t e r a c t i o n
Newly o v u l a t e d  c h i c k e n  and g u i n e a  fowl eggs were  c o l l e c t e d  
and t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  p u n c t u r e d  and washed 
f r e e  o f  y o l k  p r o t e i n s  w i t h  0. 15M NaCl/TES. I n c u b a t i o n  o f  
e j a c u l a t e d  c h ic k e n ,  t u r k e y ,  g u in e a  fowl and duck 
s p e r m a to z o a  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  from t h e  
v e g e t a l  p o l e  o f  c h ic k e n  and g u in e a  fowl eggs i n  t h e  
a b se n c e  o f  OPF, and s u b s e q u e n t  a s s e s s m e n t  o f  s p e r m - i n n e r  
p e r i v i t e l l i n e  l a y e r  i n t e r a c t i o n  were c a r r i e d  o u t  as 
d e s c r i b e d  i n  2. 8. 1. .
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2 .  8 .  2 .  3 . A s s e s s m e n t  o f  t h e  E f f e c t  o f  P r e i n c u b a t i o n  o f
Chicken  and Turkey Sperm atozoa  w i t h  S o n i c a t e d  
C hicken  I n n e r  P e r i v i t e l l i n e  L aver ,  and C h ick en  
Sperm atozoa  w i t h  S o n i c a t e d  Chicken .  Q u a i l  and 
Turkey P e r i v i t e l l i n e  L av e r  from L a id  Eggs, on 
S u b seq u e n t  Snerm -Chicken  I n n e r  P e r i v i t e l l i n e  
L av e r  I n t e r a c t i o n  I n - V i t r o
I n n e r  p e r i v i t e l l i n e  l a y e r  was o b t a i n e d  from 4 newly 
o v u l a t e d  c h i c k e n  eggs a f t e r  p u n c t u r i n g  and w ash in g  f r e e  o f  
y o l k  p r o t e i n s  w i t h  0. 15M NaCl/TES, immersed i n  3 ml o f  
M. E. M. and s o n i c a t e d  (2. 8. 2. 1. ). Whole p e r i  v i t e l l i n e  
l a y e r  was o b t a i n e d  i n  t h e  same way from 4 c h ic k e n ,
4 t u r k e y  and 8 q u a i l  l a i d  eggs.  The r e s u l t a n t  homogeneous
s u s p e n s i o n s  were m i c r o c e n t r i f u g e d  a t  13000 g f o r
10 m in u te s  and t h e  s u p e r n a t a n t  p r o t e i n  c o n c e n t r a t i o n s  
d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  (CECIL CE 373
SPECTROPHOTOMETER) a t  280 nm, from a b o v in e  serum a lb u m in  
( f r a c t i o n  V; Sigma Chemical  Co. ) c a l i b r a t i o n  cu rv e .
C h ick en  semen was d i l u t e d  t o  20 X 106 sp e r m a to z o a  i n  
500 u l  o f  s o n i c a t e d  p r e p a r a t i o n  o r  M. E. M. a lo n e  i n  4 ml 
p o l y c a r b o n a t e  t u b e s  and t h e  volume made up t o  1 ml w i t h  
M. E. M. . Turkey sp e rm a to z o a  were d i l u t e d  o n ly  i n  t h e  
s o n i c a t e d  p r e p a r a t i o n  o f  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  
o r  i n  M. E. M. a lo n e .  A f t e r  i n c u b a t i o n  a t  40 °C f o r  
60 m in u te s ,  1 cm2 p i e c e s  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  were 
added t o  e ach  tu b e ,  and s u b s e q u e n t l y  removed a f t e r
5 m in u te s  i n c u b a t i o n  a t  40 °C. Sperm m o t i l i t y  was c h eck ed
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m i c r o s c o p i c a l l y  a p p r o x i m a t e l y  one m in u te  a f t e r  a d d i t i o n  o f  
membrane.
A sse s sm e n t  o f  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r  i n t e r a c t i o n  
was c a r r i e d  o u t  as d e s c r i b e d  i n  2. 8. 1. .
2. 8. 2. 4. SDS-PAGE____ of_____S o n i c a t e d ____ C hicken____ I n n e r
P e r i v i t e l l i n e  L av e r and Chicken . Turkev  and
O u a i l  P e r i v i t e l l i n e L aver  from L aid  Ecras.
f o l l o w i n a  A b s o r n t i o n w i t h Chicken Snerm atozoa
C h ick en  semen was d i l u t e d  t o  2 X 109 s p e r m a to z o a  i n  5 ml 
o f  0 . 15M NaCl/TES, c e n t r i f u g e d  a t  1500 g f o r  5 m in u te s  a t  
5 °C, washed w i t h  5 ml o f  0. 15M NaCl/TES and r e s u s p e n d e d  
i n  400 ;ul o f  s o n i c a t e d  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  
o r  c h ic k e n ,  t u r k e y  o r  q u a i l  whole p e r i v i t e l l i n e  l a y e r  
p r e p a r a t i o n  (2. 8 . 2 . 3 .  ). A f t e r  i n c u b a t i o n  a t  40 °C f o r  
2 h o u rs  w i t h  p e r i o d i c  g e n t l e  a g i t a t i o n  i n  4 ml 
p o l y c a r b o n a t e  t u b e s ,  sperm s u s p e n s i o n s  were c e n t r i f u g e d  a t  
700 g f o r  15 m in u te s  a t  5 °C and t h e  s u p e r n a t a n t s  
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s ,  t h e  r e s u l t a n t  
s u p e r n a t a n t  b e in g  r e t a i n e d .
M o le c u la r  w e ig h t  m arkers  and a b s o r b e d  and n o n - a b s o r b e d  
p e r i v i t e l l i n e  l a y e r  p r e p a r a t i o n s  were d i l u t e d  t o  f i n a l  
c o n c e n t r a t i o n s  o f  1: 20, 10: 1 and 10: 1 r e s p e c t i v e l y ,  i n
b o i l i n g  mix. E l e c t r o p h o r e s i s  and s i l v e r  s t a i n i n g  were  
c a r r i e d  o u t  as d e s c r i b e d  i n  2. 2. 2. 2. , and g e l s  were
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s u b s e q u e n t l y  examined f o r  p r o t e i n  band 
i n  s t a i n i n g  i n t e n s i t i e s  r e l a t e d  
sp e rm a to zo a .
a b s e n c e s  o r  changes  
t o  e x p o s u r e  t o
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2 .  9 . I n v e s t i g a t i o n  o f  D i f f e r e n c e s  I n  Sperm S u r f a c e  
C h a r a c t e r i s t i c s  and Semi Hal.,  P lasma _Comt>ositio.n 
Among C l o s e l y  and More D i s t a n t l y  R e l a t e d  Avian  
.S pa ffilfifl
2. 9. 1. A sse ssm en t  o f  I n t e r s o e c i e s  D i f f e r e n c e s  i n  Sperm
A n t i g e n i c i t y  and P r e s e n t i n g  C a r b o h y d r a t e  
R e s id u es
P o o le d  e j a c u l a t e d  semen was o b t a i n e d  from c h ic k e n s ,  
t u r k e y s  and q u a i l .  Po o led  semen was o b t a i n e d  from t h e  
p o s t e r i o r  d u c tu s  d e f e r e n s  o f  ducks and p ig e o n s  as 
d e s c r i b e d  i n  2. 2. 1. 2. .
Spe rm atozoa  from a l l  s p e c i e s  s t u d i e d  were  p r e p a r e d  and 
s t a i n e d  w i t h  a n t i s e r u m  r a i s e d  i n  r a b b i t  a g a i n s t  c h i c k e n  
s e m in a l  p la sm a  p r o t e i n s ,  and F I T C - c o n ju g a te d  g o a t  
a n t i r a b b i t  IgG, as d e s c r i b e d  i n  2. 2. 1. 2. .
S to c k  s o l u t i o n s  o f  WGA, ConA and l e c t i n  from Solanum 
tu b e ro su m  were  as d e s c r i b e d  i n  2. 2. 1. 3. , w i t h  t h e  a d d i t i o n  
o f  l e c t i n  from T e t ro g o n o lo b u s  p u r p u r e a s ,  which  was 1 mg/ml 
i n  0. 15M NaCl/TES, pH 7. 4 ( s e e  Appendix  1 f o r  l e c t i n  
s p e c i f i c i t i e s ).
S pe rm atozoa  were  p r e p a r e d  and s t a i n e d  as  d e s c r i b e d  i n  
2. 2. 1. 3. , and s u b s e q u e n t l y  examined by e p i f l u o r e s c e n c e  
m ic ro sc o p y  a t  X400 and X1000 ( o i l )  m a g n i f i c a t i o n  f o r
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s p e c i e s - s p e c i f i c  d i f f e r e n c e s  i n  s t a i n i n g  p a t t e r n s  and 
i n t e n s i t i e s .
2. 9. 2. SDS-PAGE and W es te rn  B l o t t i n g  o f  Seminal
Plasmas from D i f f e r e n t  Avian  S p e c ie s
Semen was c o l l e c t e d  as d e s c r i b e d  i n  2. 9. 1. , c e n t r i f u g e d  a t  
700 g f o r  15 m in u te s  a t  5 °C and t h e  s u p e r n a t a n t s  
m i c r o c e n t r i f u g e d  a t  13000 g f o r  10 m in u te s  and s t o r e d  a t  
-20 °C p r i o r  t o  e l e c t r o p h o r e s i s .
M o l e c u l a r  w e ig h t  m arkers  and c h ic k e n ,  t u r k e y ,  q u a i l ,  
p i g e o n  and duck s e m in a l  p la sm as  were  d i l u t e d  t o  f i n a l  
c o n c e n t r a t i o n s  o f  1: 20, 1: 20, 1: 40, 1: 10, 1: 10 and 1: 10
r e s p e c t i v e l y  i n  b o i l i n g  mix. E l e c t r o p h o r e s i s  and s i l v e r  
s t a i n i n g  were  c a r r i e d  o u t  as  d e s c r i b e d  i n  2. 2. 2. 2. . 
W es te rn  b l o t t i n g  and s u b s e q u e n t  im m u n o lo g ic a l  s t a i n i n g  
were  c a r r i e d  o u t  as d e s c r i b e d  i n  2. 2. 2. 3. .
Gels were  s u b s e q u e n t l y  examined f o r  i n t e r s p e c i e s  
s i m i l a r i t i e s  and d i f f e r e n c e s  i n  b a n d in g  p a t t e r n s  and 
i n t e n s i t i e s .  B l o t s  were  examined f o r  c r o s s - r e a c t i v i t y  o f  
t h e  a n t i s e r u m  r a i s e d  a g a i n s t  e j a c u l a t e d  c h i c k e n  s e m in a l  
p la sm a  p r o t e i n s  w i t h  s e m in a l  p la sm a  p r o t e i n s  from o t h e r  
s p e c i e s .
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2 .  1 0 . S t a t i s t i c a l  A n a l y s i s
S t a n d a r d  e r r o r  o f  t h e  mean ( s . e .  m. ) v a l u e s  were  c a l c u l a t e d  
and d a t a  were  compared u s i n g  S t u d e n t ' s  t - t e s t  and one-way 
a n a l y s i s  o f  v a r i a n c e .  P e r c e n t a g e s  form a b i n o m ia l  r a t h e r  
t h a n  a normal  d i s t r i b u t i o n  (Zar,  1984), and were  t h e r e f o r e  
t r a n s f o r m e d  t o  a r c s i n e  v a lu e s  p r i o r  t o  c a l c u l a t i o n  o f  
s. e. m. v a l u e s  and s u b s e q u e n t  s t a t i s t i c a l  a n a l y s i s .
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CHAPTER 3. RESULTS
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3. RBg.TOEg.
3 .1 .  P o s t - t e s t i c u l a r  M a t u r a t i o n  o f  t h e  Sperm S u r f a c e
3. 1. 1. Assay  o f  A n t i se ru m  T i t r e  bv Sperm A g g l u t i n a t i o n
R a b b i t  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  s e m in a l  p la sm a  
p r o t e i n s  e x h i b i t e d  s t r o n g  s p e r m - a g g l u t i n a t i n g  a c t i v i t y  a t  
1: 10 d i l u t i o n  ( s e e  2. 2. 1. 1. f o r  p r o t o c o l ) .  Weak 
a g g l u t i n a t i n g  a c t i v i t y  was a l s o  o b s e r v e d  a t  1: 100 
d i l u t i o n ,  a l t h o u g h  t h e  sperm s u s p e n s i o n  r e t a i n e d  a d e g r e e  
o f  t u r b i d i t y .  C o n t r o l  r a b b i t  serum e x h i b i t e d  no sperm 
a g g l u t i n a t i n g  a c t i v i t y .  The a n t i s e r u m  was s u b s e q u e n t l y  
u s e d  a t  1: 10 d i l u t i o n  f o r  im m u n o f lu o re sc e n c e  and 1: 100 
d i l u t i o n  f o r  im m u n o lo g ica l  s t a i n i n g  o f  W es te rn  b l o t s .
3. 1. 2.
t h e  E i a c u l a t e and D i f f e r e n t Areas  o f t h e  Male
R e p r o d u c t iv e T r a c t  w i t h A n t i s e ru m R a is e d
A a a i n s t  C h icken  E i a c u l a t e d Seminal Plasma
P r o t e i n s
T e s t i c u l a r sp e rm a to z o a (m atu re  form s)  were  g e n e r a l l y
u n s t a i n e d ( s e e  2. 2. 1. 2. f o r  p r o t o c o l ) , a l t h o u g h a s m a l l
p e r c e n t a g e e x h i b i t e d f a i n t  p a t c h y s t a i n i n g , m a in ly
r e s t r i c t e d t o  t h e  h ead  r e g i o n  (T ab le  1, F i g u r e  3).
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Figure 3. Photomicrographs of spermatozoa from the testes(a,b), anterior ductus 
deferens(c,d) and ejaculate(e,f,g,h), taken using phase contrasts,c,e,g) and 
epifluorescence(b,d,f,h) microscopy. Spermatozoa were stained with rabbit antiserum 
raised against chicken ejaculated seminal plasma proteins, and FITC conjugated goat 
antirabbit IgG. A single spermatozoon exhibits enhanced fluorescence(h).X400.
1 1 6
E j a c u l a t e d  sp e rm a to z o a  and s p e r m a to z o a  o b t a i n e d  f rom t h e  
p o s t e r i o r  and a n t e r i o r  d u c tu s  d e f e r e n s  showed s i m i l a r  
a f f i n i t y  f o r  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  e j a c u l a t e d  
s e m in a l  p la sm a  p r o t e i n s ,  e x h i b i t i n g  u n i f o r m  f l u o r e s c e n c e  
a lo n g  t h e i r  e n t i r e  l e n g t h ,  a l t h o u g h  a d e g r e e  o f  
v a r i a b i l i t y  i n  t h e  i n t e n s i t y  and c o m p le t e n e s s  o f  s t a i n i n g  
was e v i d e n t  w i t h i n  sam ples .  S t a i n i n g  i n t e n s i t y  g e n e r a l l y  
i n c r e a s e d  be tw een  t h e  a n t e r i o r  and p o s t e r i o r  d u c tu s  
d e f e r e n s ,  and b e tw een  t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  and 
e j a c u l a t e .  A s m a l l  p e r c e n t a g e  o f  sp e rm a to z o a ,  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  (P>0. 1) i n  sam ples  o b t a i n e d  from 
t h e  3 l o c a t i o n s  e x h i b i t e d  c o n s i d e r a b l y  more i n t e n s e  
s t a i n i n g ,  g e n e r a l l y  r e s t r i c t e d  t o  t h e  h e ad  and a n t e r i o r  
f l a g e l l a r  r e g i o n s  (T ab le  1, F i g u r e  3).
Source of spermatozoa % stained % with enhanced staining
testes 8.6±1. 1 0. 0
anterior ductus deferens 100.0 4. 4±1. 3
posterior ductus deferens 100.0 5. 3±1. 0
ejaculate 100. 0 5. 8±1. 3
T a b le  1. Im m u n o f lu o re s c e n t  s t a i n i n g  o f  e j a c u l a t e d  
c h i c k e n  s p e rm a to z o a  and sp e rm a to z o a  o b t a i n e d  from t h e  male 
r e p r o d u c t i v e  t r a c t ,  f o l l o w i n g  e x p o s u r e  t o  a n t i s e r u m  r a i s e d  
a g a i n s t  c h i c k e n  e j a c u l a t e d  se m in a l  p la sm a  p r o t e i n s  (1: 10),  
and F I T C - c o n ju g a te d  g o a t  a n t i r a b b i t  IgG ( 1 : 5 0 ) .  V a lues  
a r e  mean ± s. e. m. o f  d a t a  from 1200 s p e r m a to z o a  p e r  
r e g i o n  from 3 c o c k e r e l s .
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3. 1. 3. L e c t i n  S t a i n i n g  o f  Sperm atozoa  from t h e
E j a c u l a t e  and D i f f e r e n t  Areas o f  t h e  Male 
R e n r o d u c t iv e  T r a c t
A l l  t e s t i c u l a r  sp e rm a to z o a  examined (m a tu re  form s)  
e x h i b i t e d  some d e g r e e  o f  s t a i n i n g  w i t h  F I T C - c o n ju g a te d  WGA 
( s e e  2. 2. 1. 3. f o r  p r o t o c o l ) .  F ix e d  and u n f i x e d
s p e r m a to z o a  showed s i m i l a r  a f f i n i t y  f o r  t h e  l e c t i n ,  b u t  
s t a i n i n g  was v a r i a b l e  w i t h i n  any g i v e n  sam ple .  Most 
s p e r m a to z o a  (88. 1 ± 10. 1% o f  u n f i x e d ,  80. 3 ± 16. 7% o f  
f i x e d )  e x h i b i t e d  a v a r i a b l e  d e g r e e  o f  f l a g e l l a r  s t a i n i n g ,  
w hich  was g e n e r a l l y  s p a r s e  and p a tc h y .  S t a i n i n g  o f  t h e  
h ead  r e g i o n  was s i m i l a r ,  w i t h  72. 4 ± 15. 9% o f  u n f i x e d  and 
8 3 .0  ± 21.1% o f  f i x e d  sp e rm a to z o a  s t a i n e d  (1200 f i x e d  o r  
u n f i x e d  s p e r m a to z o a  examined from 3 c o c k e r e l s )  ( F i g u r e  4).
Spe rm ato zo a  from t h e  p o s t e r i o r  and a n t e r i o r  d u c tu s  
d e f e r e n s  and e j a c u l a t e d  sp e rm a to z o a  a l l  showed t h e  same 
p a t t e r n  o f  s t a i n i n g .  F ix e d  and u n f i x e d  s p e r m a to z o a  
g e n e r a l l y  e x h i b i t e d  i n t e n s e ,  u n i f o r m  s t a i n i n g  a lo n g  t h e i r  
e n t i r e  l e n g t h  ( F i g u r e  4) ,  a l t h o u g h  a r e l a t i v e l y  sm a l l  
p e r c e n t a g e  o f  n o n - a g g l u t i n a t e d  sp e rm a to z o a ,  n o t
s i g n i f i c a n t l y  d i f f e r e n t  b e tw ee n  sam ples  o b t a i n e d  from 
d i f f e r e n t  l o c a t i o n s  (P > 0 .05) ,  e x h i b i t e d  a p a tc h y ,  
i n c o m p l e t e n e s s  o f  s t a i n i n g ,  m a in ly  a t  t h e  h e ad  r e g i o n  
(T ab le  2).  Sperm atozoa  were e x t e n s i v e l y  a g g l u t i n a t e d ,
w i t h  >80% w i t h i n  any g i v e n  sam ple  i n v o l v e d  i n  
a g g l u t i n a t i o n s  r a n g i n g  i n  s i z e  from l e s s  t h a n  10 t o  
s e v e r a l  t h o u s a n d  sp e rm ato zo a .  Sperm-sperm a g g l u t i n a t i o n
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Figure 4. Photomicrographs of unfixed spermatozoa from the testes(a,b) and anterior 
ductus deferens(c,d,e,f) stained with FITC conjugated WGA, taken using phase 
contrast(a,c,e) and epifiuorescence(b,d,f) microscopy.X400.
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a p p e a r e d  t o  be a lm o s t  e x c l u s i v e l y  f l a g e l l a r ,  and 
s p e r m a to z o a  o b s e r v e d  w i t h i n  a g g l u t i n a t i o n s  e x h i b i t e d  more 
i n t e n s e  s t a i n i n g  ( F i g u r e  4).
Source of spermatozoa % unfixed 
spermatozoa with 
reduced staining
% fixed
spermatozoa wi th 
reduced staining
anterior ductus deferens 15. 3±0. 8 21. 3±3. 0
posterior ductus deferens 13. 8±0. 8 15. 0±0. 8
ejaculate 17. 5±2.3 20. 1±2.6
T a b le  2. WGA s t a i n i n g  o f  e j a c u l a t e d  s p e r m a to z o a  and 
s p e r m a to z o a  from t h e  p o s t e r i o r  and a n t e r i o r  d u c tu s  
d e f e r e n s .  V a lues  a r e  mean ± s . e .  m. o f  d a t a  from
1200  s p e r m a to z o a  examined from each  r e g i o n ,  from 
3 c o c k e r e l s .
S t a i n i n g  o f  t e s t i c u l a r  sp e rm a to z o a  w i t h  FITC c o n j u g a t e d  
ConA was s i m i l a r  t o  t h a t  o b s e r v e d  on s p e r m a to z o a  from t h e  
d u c tu s  d e f e r e n s  and t h e  e j a c u l a t e .  F ix e d  and u n f i x e d  
s p e r m a to z o a  were  s i m i l a r l y  s t a i n e d ,  e x h i b i t i n g  weak, 
f a i r l y  u n i f o r m  f l u o r e s c e n c e ,  g e n e r a l l y  r e s t r i c t e d  t o  t h e  
h ead  and m id p ie c e  r e g i o n s  ( F i g u r e  5).
N e i t h e r  f i x e d  n o r  u n f i x e d  t e s t i c u l a r  s p e r m a to z o a  were 
s t a i n e d  w i t h  F I T C - c o n ju g a te d  l e c t i n  from Solanum 
tu b e r o s u m . However, a l l  f i x e d  and u n f i x e d  e j a c u l a t e d  
s p e r m a to z o a  and s p e rm a to z o a  from b o t h  r e g i o n s  o f  t h e  
d u c tu s  d e f e r e n s  e x h i b i t e d  p a t c h y  f l u o r e s c e n c e  o f  v a r i a b l e
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Figure 5. Photomicrographs of unfixed spermatozoa from the testes(a,b), anterior 
ductus deferens(c,d) and ejaculate(e,f), stained with FITC conjugated lectin from 
Solanum tuberosum(a.b.c.d) and Con A(e,f). Photographs were taken using phase 
contrast(a,c,e) and epifluorescence(b,d,f) microscopy.X400.
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p o s i t i o n  
F i g u r e  5).
and i n t e n s i t y  a lo n g  t h e i r e n t i r e l e n g t h
None o f  t h e  sp e rm a to z o a  t e s t e d  s t a i n e d  w i t h  l e c t i n s  from 
A r a c h i s  hvpocrea o r  E r v t h r i n a  c o r a l l o d e n d r o n .
3. 1. 4. E l e c t r o p h o r e t i c  A n a l v s i s o f Sperm
S u r f a c e - A s s o c i a t e d  P r o t e i n s E x t r a c t e d  from
A n t e r i o r  and P o s t e r i o r Ductus D e fe re n s
Sperm atozoa  w i t h  1. 0M NaCl. and o f Seminal
Plasmas from A n t e r i o r  and P o s t e r i o r Ductus
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Around 60 i n d i v i d u a l  p r o t e i n  bands c o u ld be i d e n t i f i e d  i n
e l e c t r o p h o r e t i c  p r o f i l e s  o f  e j a c u l a t e d  s e m in a l  p la sm a  ( s e e  
2 . 2. 2. 2. f o r  p r o t o c o l ) ,  r a n g i n g  i n  m o l e c u l a r  w e i g h t  from 
10 kd t o  a ro u n d  180 kd ( F i g u r e  6) ,  w i t h  t h e  m a j o r i t y  o f  
bands l y i n g  be tw een  10 kd and 80 kd. The do m in an t  band 
was a t  66 kd and a t  s e m in a l  p la sm a  c o n c e n t r a t i o n s  r e q u i r e d  
f o r  e x a m i n a t i o n  o f  o t h e r  p r o m in e n t  b ands ,  was s e v e r e l y  
o v e r l o a d e d  on t h e  g e l .  O th e r  p r o m in e n t  bands  a p p e a r e d  a t
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Figure 6. Silver stained electrophoretic profiles of anterior ductus deferens(a), 
posterior ductus deferens(b) and ejaculated(c) seminal plasmas, and sperm surface 
washings obtained from hypertonic buffer(1.0M NaCl) treatment of spermatozoa from
the anterior(d) and posterior(e) ductus deferens, 
kd
11-
a b c d e f 9 h
Figure 7. Western blot of ejaculated, and posterior and anterior ductus deferens 
seminal plasma proteins, stained with rabbit antiserum raised against chicken 
ejaculated seminal plasma proteins and HRP conjugated donkey antirabbit IgG(a,b,c 
respectively), or HRP conjugated WGA(d,e,f respectively). Lanes g and h are WGA 
stained sperm surface washings obtained from hypertonic buffer(1.0M NaCl) 
treatment of spermatozoa from the anterior and posterior ductus deferens respectively.
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A number o f  d i f f e r e n c e s  were  a p p a r e n t  i n  t h e
e l e c t r o p h o r e t i c  p r o f i l e s  o f  e j a c u l a t e d  s e m in a l  p la sm a  and 
s e m in a l  p la sm as  from t h e  a n t e r i o r  and p o s t e r i o r  r e g i o n s  o f  
t h e  d u c tu s  d e f e r e n s ,  r e l a t i n g  t o  p r o g r e s s i o n  from t h e  
a n t e r i o r  d u c tu s  d e f e r e n s  t o  t h e  e j a c u l a t e  ( F i g u r e  6).
P r o t e i n  bands a t  11, 13, 24, 27, 39-40,  43 and 46 kd were
more p r o m in e n t  i n  t h e  a n t e r i o r  d u c tu s  d e f e r e n s  s e m in a l  
p la s m a  p r o f i l e  t h a n  i n  t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  o r  
e j a c u l a t e d  p r o f i l e s .  The p r o t e i n  band a t  13 kd was 
i n t e n s e l y  s t a i n e d  i n  t h e  a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e ,  
b u t  c o n s i d e r a b l y  more weak ly  s t a i n e d  i n  p o s t e r i o r  d u c tu s  
d e f e r e n s  and e j a c u l a t e d  p r o f i l e s ,  and p r o t e i n  bands a t
12. 5, 15 and 22. 5 kd i n  t h e  a n t e r i o r  d u c tu s  d e f e r e n s  
p r o f i l e  were  c o n s i d e r a b l y  more w eak ly  s t a i n e d  i n  t h e  
p o s t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e  and a b s e n t  from t h e  
e j a c u l a t e d  p r o f i l e .  C o n v e r se ly ,  a p r o t e i n  o f  m o l e c u l a r  
w e i g h t  21 kd was o b s e r v e d  as a p r o m in e n t  band i n  t h e  
e j a c u l a t e d  p r o f i l e ,  b u t  was more w eak ly  s t a i n e d  i n  b o th  
d u c tu s  d e f e r e n s  p r o f i l e s .
Some p r o t e i n  bands were com parab ly  s t a i n e d  i n  e j a c u l a t e d  
and p o s t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e s ,  b u t  were  more 
i n t e n s e l y  e. g . 27 kd o r  weak ly  e. a . 80 kd s t a i n e d  i n  t h e  
a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e .  O th e r  s t a i n i n g
d i f f e r e n c e s  r e l a t e d  t o  p r o g r e s s i o n  from t h e  a n t e r i o r
1 2 ,  1 3 ,  1 3 .  5 ,  2 1 ,  2 5 ,  2 7 ,  3 0 ,  3 5 ,  3 6 .  5 ,  4 6 ,  4 9 ,  5 1 ,  5 3 ,  5 8
a n d  8 0  k d .
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d u c tu s  d e f e r e n s  t o  t h e  e j a c u l a t e  i n c l u d e d  t h e  i n c r e a s e d  
s t a i n i n g  i n t e n s i t y  o f  p r o t e i n  bands a t  49, 51 and 66 kd
and t h e  a p p e a r a n c e  o f  p r o t e i n  band  complexes a t  a ro u n d  120 
and 160 kd.
The e l e c t r o p h o r e t i c  p r o f i l e s  o f  sperm s u r f a c e  w ash in g s  
o b t a i n e d  from h y p e r t o n i c  (1.0M NaCl) b u f f e r  t r e a t m e n t  o f  
sp e r m a to z o a  from t h e  a n t e r i o r  and p o s t e r i o r  d u c tu s  
d e f e r e n s  ( s e e  2. 2. 2. 1. , 2. 2. 2. 2. f o r  p r o t o c o l )  were  v e r y
s i m i l a r .  The main d i f f e r e n c e  b e tw een  t h e  2 p r o f i l e s  was 
a band a t  11. 5 kd i n  t h e  a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e  
was a b s e n t  from t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e  
( F i g u r e  6).
The r e l a t i v e l y  i n t e n s e l y  s t a i n e d  p r o t e i n  bands a t  25, 35,
46 and 60 kd i n  sperm s u r f a c e  w ash in g s  p r o f i l e s  c o r r e s p o n d  
w i t h  i n t e n s e l y  s t a i n e d  bands i n  b o th  s e m in a l  p lasm a  
p r o f i l e s .  Less i n t e n s e l y  s t a i n e d  bands a t  11 and 12 kd 
c o r r e s p o n d  w i t h  p r o t e i n  bands which  were l e s s  i n t e n s e l y  
s t a i n e d  i n  s e m in a l  p lasm a  p r o f i l e s .  However, t h e  s t a i n i n g  
i n t e n s i t i e s  o f  some p r o t e i n  bands i n  sperm s u r f a c e  
w a sh in g s  p r o f i l e s  do n o t  c o r r e s p o n d  w i t h  t h e i r  s t a i n i n g  
i n t e n s i t i e s  i n  s e m in a l  p lasma.  These i n c l u d e  bands a t  
11. 5 ( a n t e r i o r  d u c tu s  d e f e r e n s  o n ly )  and 28. 5 kd w h ich  a r e  
r e l a t i v e l y  i n t e n s e l y  s t a i n e d  i n  sperm s u r f a c e  w a sh in g s  b u t  
w e ak ly  s t a i n e d  i n  se m in a l  p lasm a ,  and bands a t  12. 5, 13,
21, 27, 30, 36. 5, 38, 39 and 43 kd which  were  r e l a t i v e l y
w e ak ly  s t a i n e d  i n  sperm s u r f a c e  w ash ings  p r o f i l e s .
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w hich  were  s t r o n g l y  s t a i n e d  i n  s e m in a l  p la sm a ,  d i d  n o t  
a p p e a r  i n  sperm  s u r f a c e  w ash ings  p r o f i l e s .
P r o t e i n  b a n d s  a t  1 4 ,  1 5 ,  3 3 .  5 ,  4 9 ,  5 1 ,  5 3 ,  6 6  a n d  8 0  k d
3. 1. 4. 2. A n t i g e n i c i t y  and L e c t i n  S t a i n i n g  o f  Sperm 
S u r f a c e - A s s o c i a t e d  P r o t e i n s  E x t r a c t e d  from 
A n t e r i o r  and P o s t e r i o r  Ductus  D e fe re n s  
Sperm atozoa  w i t h  1. 0M NaCl. and Sem inal  Plasma 
P r o t e i n s  from E j a c u l a t e d  Semen and Semen from 
t h e  A n t e r i o r  and P o s t e r i o r  Ductus D e fe re n s ,  
f o l l o w i n g  SDS-PAGE and W este rn  B l o t t i n g
Im m u n o lo g ica l  s t a i n i n g  o f  W es te rn  b l o t s  o f  e j a c u l a t e d ,  and 
a n t e r i o r  and p o s t e r i o r  d u c tu s  d e f e r e n s  s e m in a l  p la sm as  
w i t h  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  e j a c u l a t e d  s e m in a l  
p la sm a  p r o t e i n s  ( s e e  2. 2. 2. 1. , 2. 2. 2. 3. f o r  p r o t o c o l )
i n d i c a t e s  s u b t l e  changes  i n  t h e  a n t i g e n i c i t i e s  o f  some 
s e m in a l  p la sm a  p r o t e i n s ,  r e l a t e d  t o  p r o g r e s s i o n  from t h e  
a n t e r i o r  d u c tu s  d e f e r e n s  t o  t h e  e j a c u l a t e  ( F i g u r e  7). 
S t a i n i n g  i n t e n s i t y  g e n e r a l l y  i n c r e a s e d  b e tw ee n  a n t e r i o r  
d u c tu s  d e f e r e n s  and e j a c u l a t e .
The p r o m in e n t  p r o t e i n  band i n  a l l  3 p r o f i l e s  was t h a t  a t  
66 kd, w i t h  o t h e r  i n t e n s e l y  s t a i n e d  bands a t  
25, 27, 30, 43, 46, 49, 51, 53 and 58. 5 kd.
P r o t e i n  bands a t  27, 30, 43, 46, 49, 51, 53, 58, 66 and
80 kd showed i n c r e a s e d  s t a i n i n g  i n t e n s i t i e s  b e tw ee n  t h e
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a n t e r i o r  d u c tu s  d e f e r e n s  and t h e  e j a c u l a t e ,  and t h e  
p r o t e i n  band a t  11 kd was u n s t a i n e d  i n  t h e  a n t e r i o r  d u c tu s  
d e f e r e n s  p r o f i l e .
C o n v e r s e ly ,  a p r o t e i n  band a t  90 kd a p p e a re d  o n ly  on t h e  
a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e .
P r o t e i n s  i n  1. 0M NaCl sperm s u r f a c e  w ash in g s  were 
g e n e r a l l y  u n s t a i n e d  on IgG s t a i n e d  b l o t s  ( n o t  shown).
WGA-stained s e m in a l  p lasm a  p r o t e i n s  ( s e e  2. 2. 2. 1. ,
2 . 2 . 2 . 4 .  f o r  p r o t o c o l )  e x h i b i t e d  changes  i n  c a r b o h y d r a t e
c h a r a c t e r r e l a t e d  t o  p r o g r e s s i o n  from t h e a n t e r i o r d u c tu s
d e f e r e n s t o  t h e  e j a c u l a t e ( F i g u r e  7). P r o t e i n  bands a t
16 .5 ,  18, 20, 25, 27, 35, 40, 49-53, 80, 120  and 160 kd
c o u ld  be d i s c e r n e d  i n t h e  e j a c u l a t e d se m in a l p lasm a
p r o f i l e , w i t h  bands a t  35,r 40, 49-53, 80 and 160 kd most
i n t e n s e l y  s t a i n e d .  Bands a t  18, 20, 25, 27 and 40 kd were 
a b s e n t  from b o t h  d u c tu s  d e f e r e n s  p r o f i l e s  and t h e  band a t  
3 5 kd was c o n s i d e r a b l y  more w eak ly  s t a i n e d  t h a n  i n  t h e  
e j a c u l a t e d  p r o f i l e .  Bands a t  13, 13 .5 ,  14 and 15 kd i n
t h e  a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e  were a b s e n t  from t h e  
p o s t e r i o r  d u c tu s  d e f e r e n s  and e j a c u l a t e d  p r o f i l e s .  An 
i n t e n s e l y  s t a i n e d  band a t  38 kd i n  t h e  a n t e r i o r  d u c tu s  
d e f e r e n s  p r o f i l e  was c o n s i d e r a b l y  more w eak ly  s t a i n e d  i n  
t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e ,  and a b s e n t  from t h e  
e j a c u l a t e d  p r o f i l e .  Seminal  p lasm a  p r o t e i n s  s t a i n i n g  as 
g l y c o p r o t e i n s  and e x p r e s s i n g  a n t i g e n i c i t y  were  o b s e r v e d  a t  
25, 27, 49-53,  66 and 80 kd.
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Around 20 WGA-stained p r o t e i n  bands were a p p a r e n t  i n  sperm 
s u r f a c e  w ash in g s  o b t a i n e d  from h y p e r t o n i c  (1.0M NaCl) 
b u f f e r  t r e a t m e n t  o f  sp e rm a to z o a  from t h e  a n t e r i o r  and 
p o s t e r i o r  d u c tu s  d e f e r e n s  ( F i g u r e  7) ( s e e  2. 2. 2. 1. ,
2. 2. 2. 4. f o r  p r o t o c o l s ) .  Bands a t  11, 12. 5,  13. 5/ 16-20,
22,  and 38 kd were most  i n t e n s e l y  s t a i n e d .  The r e l a t i v e l y  
i n t e n s e l y  s t a i n e d  band a t  11 kd i n  t h e  a n t e r i o r  d u c tu s  
d e f e r e n s  p r o f i l e  was a b s e n t  from t h e  p o s t e r i o r  d u c tu s  
d e f e r e n s  p r o f i l e ,  and t h e  band a t  12. 5 kd was c o n s i d e r a b l y  
more w e ak ly  s t a i n e d  i n  t h e  p o s t e r i o r  d u c tu s  d e f e r e n s  
p r o f i l e  t h a n  i n  t h e  a n t e r i o r  d u c tu s  d e f e r e n s  p r o f i l e .  
O th e r w is e ,  t h e  d u c tu s  d e f e r e n s  p r o f i l e s  a p p e a r e d  s i m i l a r .
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3. 2.
S p e r m  S u r f a c e
S p e c i f jt.gj.t y ___q £ . P r o t e i n ___A s s o c i a t i o n  w i t h  t h e
E l e c t r o p h o r e t i c  p r o f i l e s  o f  t h e  s o l u b l e  a n d  p a r t i c u l a t e  
f r a c t i o n s  o f  s e m i n a l  p l a s m a  ( s e e  2 .  4 .  1 .  ,  2 .  2 .  2 .  2 .  f o r
p r o t o c o l )  i n d i c a t e  c l e a r  d i f f e r e n c e s  i n  p r o t e i n  c o n t e n t ,  
a l t h o u g h  m o s t  p r o t e i n s  w e r e  p r e s e n t  i n  b o t h  f r a c t i o n s  
( F i g u r e  8 ) .  M o s t  o f  t h e  p r o t e i n  w a s  p r e s e n t  i n  t h e  
s o l u b l e  f r a c t i o n .  T h e  o v e r l o a d e d  b a n d  a t  6 6  k d  i n  t h e  
s o l u b l e  f r a c t i o n  w a s  a b s e n t  f r o m  t h e  p a r t i c u l a t e  f r a c t i o n ,  
a s  w e r e  o t h e r  i n t e n s e l y  s t a i n e d  b a n d s  a t  3 3 .  5 ,  8 0  a n d
1 6 0  k d .  C o n v e r s e l y ,  t h e  3 8  k d  b a n d  o b s e r v e d  i n  t h e  
p a r t i c u l a t e  f r a c t i o n  w a s  a b s e n t  f r o m  t h e  s o l u b l e  f r a c t i o n .  
T h i s  m a y  a l s o  h a v e  b e e n  t h e  c a s e  f o r  b a n d s  a t  3 5 ,  5 8  a n d
6 0  k d .  M a n y  p r o t e i n s  w e r e  p r e s e n t  i n  r e l a t i v e l y  d i f f e r e n t  
c o n c e n t r a t i o n s  b e t w e e n  t h e  2  f r a c t i o n s  e .  q . b a n d s  a t  2 5  
a n d  2 7  k d  w e r e  i n t e n s e l y  s t a i n e d  i n  t h e  p a r t i c u l a t e  
f r a c t i o n ,  b u t  a p p e a r e d  o n l y  a s  w e a k  b a n d s  i n  t h e  s o l u b l e  
f r a c t i o n .
T h e r e  w e r e  a  n u m b e r  o f  s i m i l a r i t i e s  b e t w e e n  t h e  
e l e c t r o p h o r e t i c  p r o f i l e s  o f  t h e  p a r t i c u l a t e  f r a c t i o n  o f  
s e m i n a l  p l a s m a  a n d  0 .  2 5 M  N a C l  s p e r m  s u r f a c e  w a s h i n g s ,  
n o t a b l y  t h e  s t r o n g l y  s t a i n e d  b a n d s  a t  3 5 ,  3 8 ,  4 3  a n d  4 6  k d  
( F i g u r e  8 ) .  T h e r e  w e r e ,  h o w e v e r ,  d i f f e r e n c e s  b e t w e e n  t h e
p r o f i l e s . T h e  b a n d s a t 2 1 ,  2 5 ,  2 7  a n d  3 6 .  5 k d  w e r e
s t r o n g l y s t a i n e d  i n t h e p a r t i c u l a t e  s e m i n a l p l a s m a
f r a c t i o n ,  b u t  c o n s i d e r a b l y  m o r e  w e a k l y  s t a i n e d  i n  t h e  
s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e .
129
kd
2 1 -
35-1
46-1
6 6 - ;
1 0 0 -
a c
Figure 8, Silver stained electrophoretic profiles of the soluble(a) and particulate(b) 
fractions of chicken ejaculated seminal plasma, and sperm surface washings obtained 
from hypertonic buffer(0.25M NaCl) treatment of ejaculated spermatozoa(c).
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Figure 9. Silver stained electrophoretic profiles of sperm surface washings obtained 
from isotonic(0.15M NaCl; a,c) and subsequent hypertonic(l.0M NaCl; b,d) buffer 
treatment of ejaculated spermatozoa from two different pooled semen samples.
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M o s t  p r o t e i n  b a n d s  i n  t h e  e l e c t r o p h o r e t i c  p r o f i l e s  o f  
0 .  1 5 M  a n d  1 .  0 M  N a C l  s p e r m  s u r f a c e  w a s h i n g s  ( s e e  2 .  4 .  2 .  ,  
2 .  2 .  2 .  2 .  f o r  p r o t o c o l )  w e r e  s t a i n e d  t o  a  s i m i l a r  i n t e n s i t y  
i n  b o t h  c a s e s  ( F i g u r e  9 ) .  H o w e v e r ,  b a n d s  a t  2 5 ,  3 8 ,  4 3 ,  
8 7  a n d  1 2 4  k d  w e r e  m o r e  i n t e n s e l y  s t a i n e d  i n  1 .  0 M  N a C l  
s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s .  C o n v e r s e l y ,  t h e  b a n d s  a t  
7 2  a n d  8 3  k d  w e r e  s t a i n e d  m o r e  i n t e n s e l y  i n  0 .  1 5 M  N a C l  
s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s .
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3 .  3 .  C h a r a c t e r i s a t i o n  o f  M o n o s p e c i f i c _____E o l . y c l - Q . n a l
A n t i s e r a  R a i s e d  A g a l n s . t _____ I n f l i - Y l - f l u a l _____ S p e r m
S u r f a c e - A s s o c i a t e d  P r o t e i n s _______S e p a r a t e d  b y
S D S - P A G E
3 .  3 .  1 .  A s s a y  o f  A n t i s e r u m  T i t r e  b v  S r t e r m  A g g l u t i n a t i o n
A n t i s e r u m Lowest Sperm A g g l u t i n a t i n g  
Concent  r a t  i on
11 kd p r o t e i n 1:100
25 kd p r o t e i n 1:100
43 kd p r o t e i n 1:100
46 kd p r o t e i n 1:100
c o n t r o l  r a t  serum no a g g l u t  i n a t  ion
T a b l e  3 .  A g g l u t i n a t i o n  a s s a y  r e s u l t s  f o r  a n t i s e r a  r a i s e d  
i n  r a t s  a g a i n s t  i n d i v i d u a l  s p e r m  s u r f a c e - a s s o c i a t e d  
p r o t e i n s .
A l l  o f  t h e  a n t i s e r a  p r o d u c e d  a g a i n s t  i n d i v i d u a l  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  ( s e e  2 .  5 .  1 .  ,  2 .  5 .  2 .  f o r  
p r o t o c o l )  s t r o n g l y  a g g l u t i n a t e d  s p e r m a t o z o a  a t  1 :  1 0  
d i l u t i o n ,  b u t  e x h i b i t e d  i n c o m p l e t e  s p e r m  a g g l u t i n a t i n g  
a c t i v i t y  a t  1 :  1 0 0  d i l u t i o n ,  w i t h  s o m e  d e g r e e  o f  t u r b i d i t y  
r e m a i n i n g  i n  a l l  s p e r m  s u s p e n s i o n s  ( T a b l e  3 ) .  S p e r m a t o z o a  
v i e w e d  m i c r o s c o p i c a l l y  f o l l o w i n g  e x p o s u r e  t o  a n t i s e r a  
r e m a i n e d  a c t i v e  d e s p i t e  e x t e n s i v e  a g g l u t i n a t i o n .  C o n t r o l  
r a t  s e r u m  f a i l e d  t o  a g g l u t i n a t e  s p e r m a t o z o a .
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A n t i s e r a  w e r e  s u b s e q u e n t l y  u s e d  a t  1 :  1 0 0  d i l u t i o n  f o r  
i m m u n o l o g i c a l  s t a i n i n g  o f  W e s t e r n  b l o t s ,  w i t h  H R P  
c o n j u g a t e d  r a b b i t  a n t i r a t  I g G  u s e d  a t  1 :  2 0 0  d i l u t i o n .
3 .  3 .  2 .  S p e c i f i c i t y  o f  A n t i s e r a  R a i s e d  A g a i n s t
I n d i v i d u a l  S p e r m  S u r f a c e - A s s o c i a t e d  P r o t e i n s
A l l  4  a n t i s e r a  r a i s e d  a g a i n s t  i n d i v i d u a l  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  r e a c t e d  w i t h  t h e i r  h o m o l o g o u s  
s e m i n a l  p l a s m a  p r o t e i n  a f t e r  S D S - P A G E  a n d  W e s t e r n  b l o t t i n g  
( s e e  2 .  5 .  3 .  , 2 .  2 .  2 .  2 .  , 2 .  2 .  2 .  3 .  f o r  p r o t o c o l s ) .  H o w e v e r ,
a l l  a n t i s e r a  a l s o  c r o s s - r e a c t e d  e x t e n s i v e l y  w i t h  o t h e r  
s e m i n a l  p l a s m a  p r o t e i n s  r a n g i n g  i n  m o l e c u l a r  w e i g h t  f r o m
1 3 .  5  t o  8 0  k d .  I n  e a c h  c a s e ,  a p p r o x i m a t e l y  1 0 - 1 5  p r o t e i n  
b a n d s  w e r e  s t a i n e d ,  w i t h  b a n d s  a t  2 5 ,  5 8 ,  6 6  a n d  8 0  k d
s t a i n e d  b y  a l l  a n t i s e r a  ( s e e  e x a m p l e ,  F i g u r e  1 0 ) .  B l o t t e d  
s e m i n a l  p l a s m a  p r o t e i n s  e x p o s e d  t o  n o r m a l  r a t  s e r u m  a n d  
H R P - c o n j u g a t e d  g o a t  a n t i r a t  I g G  w e r e  u n s t a i n e d .
133
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Figure 10. Western blot of chicken seminal plasma proteins following SDS-PAGE, 
showing cross reactivity of antisera raised in rats against the 25kd(a) and 46kd(b) 
sperm surface-associated proteins.
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3 .  4 . E f f e c t  o f  S p e r m  S u r f a c e  . M o d i f i c a t i o n o n . S p e r m
A c t i v i t y  I n - V i t r o  a n d  I n - V i v o
3 .  4 .  1 . E f f e c t  o f  H v n e r t o n i c  B u f f e r  T r e a t m e n t o n S p e r m
F u n c t i o n  I n - V i t r o  a n d  I n - V i v o
3 .  4 .  1 .  1 . A c t i v i t y  o f  S p e r m a t o z o a  I n - V i t r o F o l l o w i n c r
H y p e r t o n i c  B u f f e r  T r e a t m e n t
T h e  m o t i l i t y ,  c e l l u l a r  A T P  c o n c e n t r a t i o n  a n d  a b i l i t y  t o  
e x c l u d e  e o s i n  ( s e e  2 .  3 .  1 .  2 .  1 .  -  2 .  3 .  1 .  2 .  3 .  f o r  p r o t o c o l s )
o f  s p e r m a t o z o a  e x p o s e d  t o  h y p e r t o n i c  b u f f e r  c o n t a i n i n g  
0 .  2 0  a n d  0 .  2 5 M  N a C l  ( s e e  2 .  3 .  1 .  1 .  f o r  p r o t o c o l )  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  v a l u e s  o b t a i n e d  f r o m  a  
c o n t r o l  i n c u b a t i o n  w i t h  b u f f e r  c o n t a i n i n g  0 .  1 5 M  N a C l  
( P > 0 .  1 )  ( f i g u r e s  1 1 - 1 3 ) .  F u r t h e r m o r e ,  t h e  c e l l u l a r  A T P  
c o n c e n t r a t i o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  a f t e r  a  
p r o l o n g e d  8 0  m i n u t e  i n c u b a t i o n  ( P > 0 .  1 )  ( T a b l e  4 ) .  T h e  
c e l l u l a r  A T P  c o n c e n t r a t i o n s  o f  s p e r m a t o z o a  e x p o s e d  t o  
b u f f e r  c o n t a i n i n g  0 .  3 0 ,  0 .  3 5  a n d  0 .  4 0 M  N a C l  w e r e  n o t
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l  v a l u e s  a f t e r  
2 0  m i n u t e s  o r  8 0  m i n u t e s  i n c u b a t i o n  ( P > 0 . 1 ) .  H o w e v e r ,  
s p e r m  m o t i l i t y  a n d  t h e  a b i l i t y  t o  e x c l u d e  e o s i n  d i f f e r e d  
s i g n i f i c a n t l y  f r o m  c o n t r o l  v a l u e s  ( P < 0 .  0 1 ) .
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4 0
- ^ M o t i l i t y
[ N a C I ]  ( m o l / l )
F i g u r e  1 1 .  E f f e c t  o f  r e m o v a l  o f  s p e r m  
s u r f a c e  a s s o c i a t e d  p r o t e i n s  o n  s p e r m  
m o t i l i t y ( % [ A O D ] m )  i n - v i t r o . V a l u e s  a r e  
m e a n + / - s . e . m .  f r o m  6  e x p e r i m e n t s .
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[ N a C I ] ( m o l / l )
F i g u r e  1 2 .  E f f e c t  o f  r e m o v a l  o f  s p e r m  
s u r f a c e  a s s o c i a t e d q p r o t e i n s  o n  
s p e r m [ A T P ] ( n m o l / 1 0 a  s p e r m )  i n - v i t r o . V a l u e s  
a r e  m e a n + / - s . e . m .  f r o m  6  e x p e r i m e n t s .
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[ N a C I ] ( m o l / l )
F i g u r e  1 3 .  E f f e c t  o f  r e m o v a l  o f  s p e r m  
s u r f a c e  a s s o c i a t e d  p r o t e i n s  o n  s p e r m  
l i v e / d e a d  s t a t u s  i n - v i t r o . V a l u e s  a r e  
m e a n + / - s . e . m .  f r o m  6  e x p e r i m e n t s .
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1 6
N s p e r m / S . S m m '
1 4  -
[ N a C I ] ( m o l / l )
F i g u r e  1 4 .  E f f e c t  o f  r e m o v a l  o f  s p e r m  
s u r f a c e  a s s o c i a t e d  p r o t e i n s  o n  s p e r m  
a c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  
i n - v i v o . V a l u e s  a r e  m e a n + / - s . e . m .  n u m b e r  
o f  s p e r m  p e r  5 . 5 m m 2 a r e a  o f  p e r i v i t e l l i n e  
l a y e r , f r o m  6  e x p e r i m e n t s . .
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1ncubat  ion B u f f e r  NaC m o l a r i t y
t ime ( min )
0.15 0. 20 0.25 0. 30 0. 35 0. 40
20 7. 2±1. 0 9. 5±1. 9 9. 0±1. 5 7. 3±0. 4 7. 3±0. 7 6. 9+0. 7
80 6. 5±1. 2 6. 5±1. 8 5. 4±0. 9 5. 8±0. 4 5. 5±0. 9 5. 4+0. 6
T a b l e  4 .  C e l l u l a r  A T P  c o n c e n t r a t i o n s  ( n m o l  A T P / 1 0 9 
s p e r m a t o z o a )  o f  c h i c k e n  s p e r m a t o z o a  d u r i n g  p r o l o n g e d  
a e r o b i c  i n c u b a t i o n  a t  4 0  ° C  a f t e r  1 5  m i n u t e s  e x p o s u r e  t o  
h y p e r t o n i c  b u f f e r s .  V a l u e s  a r e  m e a n  ±  s .  e .  m .  o f  d a t a  f r o m  
6  e x p e r i m e n t s .
3 .  4 .  1 .  2 .  E l e c t r o p h o r e t i c  P r o f i l e s  o f  S p e r m  S u r f a c e  
W a s h i n g s  O b t a i n e d  b v  H y p e r t o n i c  B u f f e r  
T r e a t m e n t  o f  S p e r m a t o z o a
A r o u n d  2 5  i n d i v i d u a l  p r o t e i n  b a n d s  w e r e  i d e n t i f i e d  o n  t h e  
e l e c t r o p h o r e t i c  p r o f i l e s  o f  0 .  1 5  a n d  0 .  2 5 M  N a C l  s p e r m  
s u r f a c e  w a s h i n g s  ( s e e  2 .  3 .  1 .  3 .  ,  2 .  2 .  2 .  2 .  f o r  p r o t o c o l ) .
T h e  r e l a t i v e  s t a i n i n g  i n t e n s i t i e s  o f  t h e s e  b a n d s  d i f f e r e d  
f r o m  t h e i r  r e l a t i v e  s t a i n i n g  i n t e n s i t i e s  i n  s e m i n a l  p l a s m a  
( F i g u r e  1 5 ) ,  w i t h  t h a t  o f  t h e  p r o m i n e n t  b a n d  a t  6 6  k d  i n  
s e m i n a l  p l a s m a  d r a s t i c a l l y  r e d u c e d .  O t h e r  i n t e n s e l y  
s t a i n e d  b a n d s  i n  s e m i n a l  p l a s m a  a t  1 5 ,  8 0 ,  1 2 0  a n d  1 6 0  k d
w e r e  a b s e n t  f r o m  s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s .  T h e  
b a n d i n g  p a t t e r n s  o n  s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s  w e r e  
i d e n t i c a l  f o r  b o t h  N a C l  c o n c e n t r a t i o n s ,  a l t h o u g h  p r o t e i n s  
i n  w a s h i n g s  o b t a i n e d  f r o m  0 .  2 5 M  N a C l  t r e a t m e n t  s h o w e d  s o m e  
i n c r e a s e s  i n  s t a i n i n g  i n t e n s i t y  ( F i g u r e s  1 5 ,  1 6 ) .  B a n d i n g
p a t t e r n s  o b s e r v e d  w e r e  a l s o  s i m i l a r  t o  t h o s e  o f  w a s h i n g s  
o b t a i n e d  f r o m  1 .  0 M  N a C l  t r e a t m e n t  o f  s p e r m a t o z o a  f r o m  t h e
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Figure 15. Silver stained electrophoretic profiles of ejaculated seminal plasma(a), and 
sperm surface washings obtained from isotonic(0.15M NaCl; b) and 
hypertonic(0.25M NaCl; c) buffer treatment of ejaculated spermatozoa.
Molecular weight(kd) M olecular weight(kd)
Figure 16. Densitometric scan of silver stained electrophoretic profiles of sperm 
surface washings obtained from isotonic(0.15M NaCl; a) and hypertonic(0.25M 
NaCl; b) buffer treatment of ejaculated spermatozoa.
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a n t e r i o r  a n d  p o s t e r i o r  d u c t u s  d e f e r e n s  ( F i g u r e s  6 ,  1 5 ) .
I n  b o t h  c a s e s ,  p r o m i n e n t  p r o t e i n  b a n d s  w e r e  o b s e r v e d  a t  
3 5 ,  4 6 ,  5 8  a n d  6 0  k d .  H o w e v e r ,  t h e  b a n d s  a t  3 5  a n d  3 6  k d
w e r e  s t a i n e d  t o  a  s i m i l a r  i n t e n s i t y  i n  t h e  s p e r m  s u r f a c e  
w a s h i n g s  p r o f i l e  o b t a i n e d  f r o m  0 .  1 5  a n d  0 .  2 5 M  N a C l  
t r e a t m e n t  o f  e j a c u l a t e d  s p e r m a t o z o a  ( F i g u r e  1 5 ) ,  w h e r e a s  
t h e  b a n d  a t  3 5  k d  w a s  s t a i n e d  c o n s i d e r a b l y  m o r e  i n t e n s e l y  
i n  s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s  o b t a i n e d  f r o m  1 .  0 M  N a C l  
t r e a t m e n t  o f  d u c t u s  d e f e r e n s  s p e r m a t o z o a  ( F i g u r e  6 ) .  
B a n d s  a t  2 5  a n d  2 8 .  5  k d  w e r e  a l s o  s t a i n e d  m o r e  i n t e n s e l y  
i n  t h e  s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e  o b t a i n e d  f r o m  1 . 0 M  
N a C l  t r e a t m e n t .  C o n v e r s e l y ,  t h e  b a n d  a t  5 3  k d  w a s  s t a i n e d  
m o r e  i n t e n s e l y  i n  t h e  s p e r m  s u r f a c e  w a s h i n g s  p r o f i l e s  
o b t a i n e d  f r o m  h y p e r t o n i c  b u f f e r  t r e a t m e n t  o f  e j a c u l a t e d  
s p e r m a t o z o a .
3 .  4 .  1 .  3 .  A c t i v i t y  o f  S p e r m a t o z o a  I n - V i v o  F o l l o w i n g  
H y p e r t o n i c  B u f f e r  T r e a t m e n t
T h e  a b i l i t y  o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  t o  
r e a c h  t h e  d i s t a l  i n f u n d i b u l u m  a n d  b e c o m e  e n t r a p p e d  w i t h i n  
t h e  e g g ' s  o u t e r  p e r i  v i t e l l i n e  l a y e r  ( s e e  2 .  3 .  1 .  2 .  5 .  f o r  
p r o t o c o l )  w a s  s i g n i f i c a n t l y  r e d u c e d  i n  s p e r m a t o z o a  e x p o s e d  
t o  0 . 2 0 ,  0 . 2 5 ,  0 . 3 0 ,  0 . 3 5  a n d  0 .  4 0 M  N a C l  ( P < 0 .  0 0 1 ) ,
c o m p a r e d  w i t h  c o n t r o l  s p e r m a t o z o a  e x p o s e d  t o  i s o t o n i c  
b u f f e r  ( F i g u r e  1 4 ) .
142
A  f u r t h e r  a s s e s s m e n t  o f  t h e  l i m i t a t i o n  t o  t r a n s p o r t  o f  
s p e r m a t o z o a  i n  t h e  h e n ' s  r e p r o d u c t i v e  t r a c t  w a s  m a d e  b y  
e x a m i n i n g  t h e  a c c e s s  o f  s p e r m a t o z o a  t r e a t e d  w i t h  b u f f e r  
c o n t a i n i n g  0 .  1 5 M  o r  0 . 2 5 M  N a C l  t o  t h e  u t e r o v a g i n a l
j u n c t i o n  S S T s  i n - v i v o  ( s e e  2 .  3 .  1 .  2 .  4 .  f o r  p r o t o c o l ) .  
F o l l o w i n g  n o r m a l  i n t r a v a g i n a l  i n s e m i n a t i o n  o f  s p e r m a t o z o a  
e x p o s e d  t o  0 .  2 5 M  N a C l ,  o n l y  0 .  5  ± 0 .  2 %  o f  a  r a n d o m  
s e l e c t i o n  o f  S S T s  o b t a i n e d  f r o m  t h e  a n t e r i o r  u t e r o v a g i n a l  
j u n c t i o n  c o n t a i n e d  s p e r m a t o z o a  ( m e a n  ±  s .  e .  m.  o f  d a t a  
f r o m  3  e x p e r i m e n t s ,  w i t h  a n  a v e r a g e  o f  1 0  9  S S T s  e x a m i n e d  
p e r  e x p e r i m e n t ) ;  w h e r e a s  t h e  s a m e  s a m p l e  i n s e m i n a t e d  i n t o  
t h e  u t e r o v a g i n a l  j u n c t i o n  l u m e n  r e s u l t e d  i n  3 5 .  4  ±  1 .  8 %  o f  
S S T s  c o n t a i n i n g  s p e r m a t o z o a  ( m e a n  ±  s .  e .  m.  o f  d a t a  f r o m  3  
e x p e r i m e n t s ,  w i t h  a n  a v e r a g e  o f  9 6  S S T s  e x a m i n e d  p e r
e x p e r i m e n t )  ( F i g u r e  1 7 ) .  T h e  p e r c e n t a g e s  o f  S S T s
c o n t a i n i n g  c o n t r o l  s p e r m a t o z o a  a f t e r  i d e n t i c a l  
i n s e m i n a t i o n s  w e r e  5 6 .  0  ±  6 .  3 %  a n d  4 1 .  0  ±  1 .  8 %  
r e s p e c t i v e l y  ( m e a n  ±  s . e . m .  o f  d a t a  f r o m  3  e x p e r i m e n t s ,  
w i t h  a n  a v e r a g e  o f  1 0 1  a n d  1 0 4  S S T s  e x a m i n e d  p e r  
e x p e r i m e n t  r e s p e c t i v e l y ) .  T h e  p e r c e n t a g e s  o f  S S T s
c o n t a i n i n g  s p e r m a t o z o a  t r e a t e d  w i t h  0 .  1 5  a n d  0 .  2 5 M  N a C l  
w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a f t e r  i n s e m i n a t i o n  i n t o  
t h e  u t e r o v a g i n a l  j u n c t i o n  ( P > 0 . 1 ) .
S p e r m a t o z o a  r e i n c u b a t e d  w i t h  b u f f e r e d  s e m i n a l  p l a s m a  a f t e r  
e x p o s u r e  t o  0 .  2 5 M  N a C l / T E S  d i d  n o t  e x h i b i t  a n y  s i g n i f i c a n t  
c h a n g e  i n  a c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  a f t e r  
i n t r a v a g i n a l  i n s e m i n a t i o n  ( s e e  2 .  3 .  1 .  4 .  ,  2 .  3 .  1 .  2 .  5 .  f o r
p r o t o c o l ) ,  c o m p a r e d  w i t h  c o n t r o l  s p e r m a t o z o a  r e i n c u b a t e d
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4 0
□  I . V . ( c o n t r o l )
®  I . V . ( t r e a t e d )  
a  U . V . J . ( c o n t r o l )  
m  U . V . J . ( t r e a t e d )
1 - 5  6 - 1 0  1 1 - 2 0  2 1 - 5 0  5 1 +
N s p e r m / S S T
Figure 17. Effect of removal of sperm surface 
associated proteins on sperm access to the 
uterovaginal junction SSTs in-vivo. Control 
or treated(0.25M NaCI) spermatozoa were 
inseminated intravaginally or directly into the 
uterovaginal junction. Values are mean+/- 
s.e.m. from 3 experiments.
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w i t h  0 .  1 5 M  N a C l / T E S  f o l l o w i n g  e x p o s u r e  t o  h y p e r t o n i c  
b u f f e r  ( p > 0 .  1 )  ( T a b l e  5 ) .
I n s eminat ed  Spermatozoa 2No. sp e r m/5.5 mm of p e r i v i t e l 1i ne 
1 ayer
C o n t r o l s  ( 0. ISM NaCl t r e a t e d ) 11. 2±1. 5
0. 25M NaCl t r e a t e d  then 2. 2±0. 5
i n cuba t ed  w i t h  b u f f e r e d
semina l  plasma
0. 25M NaCl t r e a t e d ,  then 2. 6±0.7
i n cuba t ed  w i t h  0. 15M NaCl /TES
T a b l e  5 .  A c c e s s  o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  
s p e r m a t o z o a  t o  t h e  o u t e r  p e r i v i t e l l i n e  l a y e r  o f  e g g s  l a i d  
a p p r o x i m a t e l y  4 0  h o u r s  a f t e r  i n s e m i n a t i o n .  A f t e r  0 .  2  5 M  
N a C l  t r e a t m e n t ,  s p e r m a t o z o a  w e r e  i n c u b a t e d  w i t h  f r e s h  
s e m i n a l  p l a s m a  d i l u t e d  1 :  1  w i t h  0 .  1 5 M  N a C l / T E S ,  o r  0 .  1 5 M  
N a C l / T E S  a l o n e .  V a l u e s  a r e  m e a n  ±  s .  e .  m .  o f  d a t a  
o b t a i n e d  f r o m  3  ( c o n t r o l ) ,  1 0  ( 0 .  2 5 M  N a C l  t r e a t e d  
c o n t r o l s )  o r  1 6  ( b u f f e r e d  s e m i n a l  p l a s m a  i n c u b a t i o n )  e g g s ,  
f r o m  6  a s s e s s m e n t s  p e r  e g g .
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3 .  4 .  2 .  E f f e c t  o f  C e n t r i f u g a t i o n  a n d  W a s h i n g  o n  S p e r m
F u n c t i o n  I n - V i t r o  a n d  I n - V i v o
3 .  4 .  2 .  1 .  A c t i v i t y  o f  C e n t r i f u g e d  a n d  W a s h e d  S p e r m a t o z o a  
I n - V i t r o
M o t i l i t y ,  c e l l u l a r  A T P  c o n c e n t r a t i o n  a n d  a b i l i t y  t o  
e x c l u d e  e o s i n  ( s e e  2 .  3 .  2 .  2 .  ,  2 .  3 .  1 .  2 .  1 .  -  2 .  3 .  1 .  2 .  3 .  f o r
p r o t o c o l s )  o f  c h i c k e n  s p e r m a t o z o a  i n  s e m e n  d i l u t e d  w i t h  
0 .  1 5 M  N a C l / T E S ;  s e m e n  d i l u t e d ,  c e n t r i f u g e d  a t  1 5 0 0  g  f o r  
5  m i n u t e s  a n d  r e c o n s t i t u t e d  i n  t h e  s a m e  s u p e r n a t a n t ;  a n d  
s p e r m a t o z o a  w a s h e d  f r e e  o f  s e m i n a l  p l a s m a  ( s e e  
2 .  3 .  2 .  1 .  f o r  p r o t o c o l ) ,  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
( P > 0 .  1 )  ( F i g u r e s  1 8 - 2 0 ) .  F u r t h e r m o r e ,  c e l l u l a r  A T P  
c o n c e n t r a t i o n s  o f  t h e  3  s a m p l e s  a f t e r  a  p r o l o n g e d  8 0  
m i n u t e  a e r o b i c  i n c u b a t i o n  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f r o m  e a c h  o t h e r  ( P > 0 . 1 )  ( T a b l e  6 ) .
1n cub a t i  on 
t ime (mi n)
Semen d i l u t e d  in 
0. 15M NaCl /TES
Semen di  l u ted ,  
cent r i fuged and 
r e c o n s t  i tu t ed
Semen d i l u t e d ,  
c e n t r i f u g e d  and 
r e c o n s t i t u t e d  in 
b u f f e r
20 8. 0±0. 8 8. 6±0. 3 7. 9±0. 8
80 10. 6±1. 2 9. 7±0. 7 8. 0±1.6
T a b l e  6 .  E f f e c t  o f  c e n t r i f u g a t i o n  a n d  w a s h i n g  o n  c h i c k e n  
s p e r m  c e l l u l a r  A T P  c o n c e n t r a t i o n s  i n - v i t r o . V a l u e s  a r e  
m e a n  ±  s .  e .  m .  o f  d a t a  f r o m  3  e x p e r i m e n t s ,  o b t a i n e d  a f t e r  
2 0  m i n u t e s  a n d  8 0  m i n u t e s  o f  a e r o b i c  i n c u b a t i o n  a t  4 0  ° C  
f o l l o w i n g  s e m e n  t r e a t m e n t .
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6 0
■  M o t i l i t y
D i l u t e d  C e n t r i f u g e d  W a s h e d  
S p e r m  S t a t u s
F i g u r e  1 8 .  E f f e c t  o f  c e n t r i f u g a t i o n  a n d  
w a s h i n g  o n  s p e r m  m o t i l i t y ( % [ A O D ] m )  
i n - v i t r o . V a l u e s  a r e  m e a n + / - s . e . m .  f r o m  3  
e x p e r i m e n t s .
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11
m  A T P
D i l u t e d  C e n t r i f u g e d  W a s h e d
S p e r m  S t a t u s
F i g u r e  1 9 .  E f f e c t  o f  c e n t r i f u g a t i o n  a n d  
w a s h i n g  o n  s p e r m [ A T P ] ( n m o l / 1 0 9 s p e r m )  
i n - v i t r o . V a l u e s  a r e  m e a n + / - s . e . m .  f r o m  3  
e x p e r i m e n t s .
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1 0 0
D i l u t e d  C e n t r i f u g e d  W a s h e d
S p e r m  S t a t u s
■  % S p e r m  L i v i n g
F i g u r e  2 0 .  E f f e c t  o f  c e n t r i f u g a t i o n  a n d  
w a s h i n g  o n  s p e r m  l i v e / d e a d  s t a t u s  
i n - v i t r o . V a l u e s  a r e  m e a n + / - s . e . m .  f r o m  3  
e x p e r i m e n t s .
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8 0
7 0
6 0
5  5 0
c :
J  4 0
m
"ek.
<D
f  3 0
2 0
10
0
■  N s p e r m / 5 . 5 m m 2
D i l u t e d  C e n t r i f u g e d  W a s h e d
S p e r m  S t a t u s
F i g u r e  2 1 .  E f f e c t  o f  c e n t r i f u g a t i o n  a n d  
w a s h i n g  o n  s p e r m  a c c e s s  t o  t h e  n e w l y  
o v u l a t e d  e g g  i n - v i v o . V a l u e s  a r e  
m e a n + / - s . e . m .  f r o m  1 9 ( w a s h e d  o r  
c e n t r i f u g e d  s p e r m a t o z o a )  o r  2 8 ( d i l u t e d  
o n l y  s p e r m a t o z o a )  e g g s .
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3 .  4 .  2 .  2 . A c t i v i t y  o f  C e n t r i f u g e d  a n d  W a s h e d  S p e r m a t o z o a  
I n - V i v o
S e m e n  d i l u t i o n ,  c e n t r i f u g a t i o n  a n d  r e c o n s t i t u t i o n  i n  t h e  
s a m e  s u p e r n a t a n t  r e s u l t e d  i n  a  s i g n i f i c a n t  ( P < 0 .  0 2 )  
3 8  p e r c e n t a g e  p o i n t  r e d u c t i o n  i n  t h e  a b i l i t y  o f  
s p e r m a t o z o a  t o  r e a c h  t h e  s i t e  o f  f e r t i l i s a t i o n  ( s e e  
2 .  3 .  2 .  2 .  ,  2 .  3 .  1 .  2 .  5 .  f o r  p r o t o c o l ) ,  c o m p a r e d  w i t h  s e m e n  
d i l u t i o n  a l o n e  ( F i g u r e  2 1 ) .  C e n t r i f u g a t i o n  w i t h
r e c o n s t i t u t i o n  o f  s p e r m a t o z o a  i n  0 .  1 5 M  N a C l / T E S  r e d u c e d  
s p e r m  a c c e s s  t o  t h e  i n f u n d i b u l u m  b y  8 3  p e r c e n t a g e  p o i n t s  
t o  g i v e  a  f i g u r e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  b o t h  d i l u t e d  
a n d  d i l u t e d / c e n t r i f u g e d  s a m p l e s  ( P < 0 .  0 0 1 ) .
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3 .  4 .  3 .  E f f e c t  o f  N e u r a m i n i d a s e  T r e a t m e n t  o n  S p e r m
F u n c t i o n  I n - V i t r o  a n d  I n - V i v o
3 .  4 .  3 .  1 .  S t a i n i n g  o f  S p e r m a t o z o a  w i t h  l e c t i n  f r o m  
L i m u l u s  P o l y p h e m u s
B o t h  f i x e d  a n d  u n f i x e d  s p e r m a t o z o a  i n c u b a t e d  w i t h  
F I T C - c o n j u g a t e d  l e c t i n  f r o m  L i m u l u s  P o l y p h e m u s  ( s e e  
2 .  3 .  3 .  1 .  ,  2 .  2 .  1 .  3 .  f o r  p r o t o c o l )  e x h i b i t e d  i n t e n s e  u n i f o r m  
s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h ,  w i t h  > 7 0 %  o f  
s p e r m a t o z o a  a g g l u t i n a t e d  ( F i g u r e  2 2 ) .  A g g l u t i n a t i o n s  w e r e  
v a r i a b l e  i n  s i z e  b u t  i n  s o m e  c a s e s  c o m p r i s e d  s e v e r a l  
h u n d r e d  s p e r m a t o z o a .  S p e r m a t o z o a  w i t h i n  a g g l u t i n a t i o n s  
w e r e  g e n e r a l l y  m o r e  i n t e n s e l y  s t a i n e d ,  p a r t i c u l a r l y  
i n  t h e  f l a g e l l a r  r e g i o n ,  w h i c h  a p p e a r e d  p r i m a r i l y  
t o  b e  r e s p o n s i b l e  f o r  s p e r m - s p e r m  a g g l u t i n a t i o n .  A  
r e l a t i v e l y  s m a l l  p e r c e n t a g e  o f  f i x e d  ( 2 0 .  5  ±  3 .  1 %  o f  
6 0 0  n o n - a g g l u t i n a t e d  c e l l s  e x a m i n e d ,  f r o m  3  e x p e r i m e n t s )  
a n d  u n f i x e d  ( 1 6 . 5  ±  2 . 6 %  o f  6 0 0  n o n - a g g l u t i n a t e d  c e l l s  
e x a m i n e d  f r o m  3  e x p e r i m e n t s )  s p e r m a t o z o a  e x h i b i t e d  p a t c h y  
s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h .
3 .  4 .  3 .  2 .  A c t i v i t y  o f  S p e r m a t o z o a  I n - V i t r o  F o l l o w i n g  
N e u r a m i n i d a s e  T r e a t m e n t
P r e l i m i n a r y  i n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  n e u r a m i n i d a s e  
a t  p H  6 .  0  a n d  p H  7 .  4  ( s e e  2 .  3 .  3 .  2 .  f o r  p r o t o c o l )  i n d i c a t e d  
s i g n i f i c a n t l y  b e t t e r  e o s i n  e x c l u s i o n  ( s e e  2 .  3 .  3 .  3 .  ,
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Figure 22. Photomicrographs of unfixed ejaculated spermatozoa stained with FITC 
conjugated lectin from Limulus polvphemus.taken using phase contrast(a,c) and 
epifluorescence(b, d) microscopy. X400.
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2 .  3 .  1 .  2 .  3 .  f o r  p r o t o c o l )  a t  p H  6 .  0  t h a n  a t  p H  7 .  4  
( P < 0 . 0 0 1 )  ( T a b l e  7 ) .  C e l l u l a r  A T P  c o n c e n t r a t i o n s  ( s e e  
2 .  3 .  3 .  3 .  ,  2 .  3 .  1 .  2 .  2 .  f o r  p r o t o c o l )  w e r e  a l s o  h i g h e r  i n
s p e r m a t o z o a  i n c u b a t e d  a t  p H  6 .  0 ,  a l t h o u g h  n o t  
s i g n i f i c a n t l y  s o  ( P > 0 .  1 ) .  S p e r m  m o t i l i t y  ( s e e  2 .  3 .  3 .  3 .  ,  
2 .  3 .  1 .  2 .  1 .  f o r  p r o t o c o l )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  w i t h  
r e s p e c t  t o  p H  ( P > 0 . 1 ) .
E o s i n  e x c l u s i o n ,  c e l l u l a r  A T P  c o n c e n t r a t i o n  a n d  s p e r m  
m o t i l i t y  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  c o n t r o l  
s p e r m a t o z o a  o r  s p e r m a t o z o a  t r e a t e d  w i t h  4 0  I .  U .  / m l  
n e u r a m i n i d a s e ,  a t  e i t h e r  p H  6 . 0  o r  p H  7 . 4  ( P > 0 .  1 ) .
H o w e v e r ,  c e l l u l a r  A T P  c o n c e n t r a t i o n s  w e r e  s i g n i f i c a n t l y  
r e d u c e d  i n  s a m p l e s  a s s a y e d  a f t e r  8 0  m i n u t e s  i n c u b a t i o n  i n  
a l l  c a s e s ,  c o m p a r e d  w i t h  s a m p l e s  a s s a y e d  a f t e r  2 0  m i n u t e s  
i n c u b a t i o n  s u b s e q u e n t  t o  s p e r m  t r e a t m e n t  ( P < 0 .  0 0 1 )  
( T a b l e  8 ) .
Spermatozoa pH 6. 0 pH 7.4
% spermatozoa 
e x c l u d i n g  
eos i n
ATP (nmol /g
10 sperm)
M o t i l i t y
(%[A0D]m)
% spermatozoa 
e x c l u d i n g  
eos i n
ATP (nmol /g
10 sperm)
M o t i l i t y
(%[A0D]m)
c o n t r o l 89. 3±1.0 6. 7±0. 8 54. 1±3.1 78. 5±0. 8 5. 9±1. 2 55. 7±7. 0
neurami  n i dase  
t r e a t e d
86. 6±0.8 6. 8±0. 9 47. 6±3. 6 76. 5±0. 8 6. 1±0.9 53. 6±7. 3
T a b l e  7 .  E f f e c t  o f  n e u r a m i n i d a s e  t r e a t m e n t  a t  p H  6 .  0  a n d  
p H  7 .  4  o n  s p e r m  f u n c t i o n  i n - v i t r o . P a r a m e t e r s  w e r e  
m e a s u r e d  d u r i n g  a  3 0  m i n u t e  a e r o b i c  i n c u b a t i o n  a t  4 0  ° C ,  
f o l l o w i n g  t r e a t m e n t  o f  s p e r m a t o z o a  w i t h  4 0  I . U .  / m l  
n e u r a m i n i d a s e .  V a l u e s  a r e  m e a n  ±  s .  e .  m.  o f  d a t a  o b t a i n e d  
f r o m  3  e x p e r i m e n t s .
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G i v e n  t h a t  s p e r m a t o z o a  i n c u b a t e d  a t  p H  6 .  0  a p p e a r e d  t o  
m a i n t a i n  t h e i r  i n t e g r i t y  i n - v i t r o  t o  a  g r e a t e r  e x t e n t  t h a n  
t h o s e  i n c u b a t e d  a t  p H  7 .  4 ,  a n d  t h a t  n e u r a m i n i d a s e  e x h i b i t s  
o p t i m a l  a c t i v i t y  a t  a c i d i c  p H  ( s e e  F r o m a n  &  E n g e l ,  1 9 8 9 ) ,  
i n s e m i n a t i o n s  w e r e  s u b s e q u e n t l y  c a r r i e d  o u t  u s i n g  
s p e r m a t o z o a  t r e a t e d  w i t h  n e u r a m i n i d a s e  a t  p H  6 .  0 .
Spermatozoa pH 20 minute i ncubat  ion 80 minute i ncubat  ion
c o n t r o l 6. 0 6. 7±0. 8 1. 4
n eur a m i n i d a s e
t r e a t e d
6.0 6. 8±0. 9 0. 3
c o n t r o l 7.4 5. 9±1. 2 0. 6
n e ur am i n i d as e
t r e a t e d
7.4 6. 1±0. 9 0. 7
T a b l e  8 .  E f f e c t  o f  p r o l o n g e d  a e r o b i c  i n c u b a t i o n  a t  4 0  ° C  
o f  s p e r m a t o z o a  p r e v i o u s l y  t r e a t e d  w i t h  4 0  I .  U .  / m l  
n e u r a m i n i d a s e  a t  p H  6 .  0  o r  p H  7 .  4 ,  o n  c e l l u l a r  A T P  
c o n c e n t r a t i o n  ( n m o l / 1 0 9 s p e r m a t o z o a ) .  V a l u e s  a r e  m e a n  
±  s .  e .  m .  o f  d a t a  o b t a i n e d  f r o m  3  e x p e r i m e n t s .
3 .  4 .  3 .  3 .  A c t i v i t y  o f  S p e r m a t o z o a  I n - V i v o  F o l l o w i n g  
N e u r a m i n i d a s e  T r e a t m e n t
N e u r a m i n i d a s e - t r e a t e d  s p e r m a t o z o a  w e r e  f o u n d  i n  o n l y  
0 .  1 %  o f  u t e r o v a g i n a l  j u n c t i o n  S S T s  ( s e e  2 .  3 .  3 .  3 .  , 
2 .  3 .  1 .  2 .  4 .  f o r  p r o t o c o l )  e x a m i n e d  f o l l o w i n g  i n t r a v a g i n a l  
i n s e m i n a t i o n  ( m e a n  ±  s .  e .  m.  f r o m  4  e x p e r i m e n t s ,  w i t h  a n  
a v e r a g e  o f  1 1 1  S S T s  e x a m i n e d  p e r  e x p e r i m e n t )  ( F i g u r e  2 3 )  
c o m p a r e d  w i t h  4 3 .  1  ±  3 .  6 %  f o r  c o n t r o l  s p e r m a t o z o a  ( o f  a n
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3 0
2 0
10
0
H
1 - 5  6 - 1 0  1 1
I . V . ( c o n t r o l )  
I . V .  ( t r e a t e d )  
U . V . J . ( c o n t r o l )  
U . V . J . ( t r e a t e d )
2 0  2 1 - 5 0  5 1 +
N s p e r m / S S T
F i g u r e  2 3 .  A c c e s s  o f  s p e r m a t o z o a  t o  t h e  
U t e r o v a g i n a l  J u n c t i o n  S S T s  f o l l o w i n g  
t r e a t m e n t  w i t h
n e u r a m i n i d a s e ( 4 0 I . U . / m l ) . V a l u e s  a r e  
m e a n + / - s . e . m .  f r o m  3  e x p e r i m e n t s .
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a v e r a g e  o f  1 2 1  S S T s  e x a m i n e d  p e r  e x p e r i m e n t )  ( P < 0 . 0 0 1 ) .  
F u r t h e r m o r e ,  n e u r a m i n i d a s e - t r e a t e d  s p e r m a t o z o a  w e r e  s e l d o m  
o b s e r v e d  o n  t h e  u t e r o v a g i n a l  j u n c t i o n  m u c o s a .  H o w e v e r ,  
t h e  p e r c e n t a g e s  o f  S S T s  c o n t a i n i n g  n e u r a m i n i d a s e - t r e a t e d  
( 5 0 .  5  ±  4 .  8 %  o f  a n  a v e r a g e  o f  1 0 1  S S T s  e x a m i n e d  p e r  
e x p e r i m e n t )  a n d  c o n t r o l  ( 3 7 .  9  ±  5 .  4 %  o f  a n  a v e r a g e  o f  
1 0 3  S S T s  e x a m i n e d  p e r  e x p e r i m e n t )  s p e r m a t o z o a  f o l l o w i n g  
t h e i r  i n s e m i n a t i o n  i n t o  t h e  u t e r o v a g i n a l  j u n c t i o n  l u m e n  
w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P > 0 . 1 ) .
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3 . 4 . 4 .  E f f e c t  o f  G l v c e r o l  T r e a t m e n t  o n  S p e r m  F u n c t i o n
I n - V i t r o
3 .  4 .  4 .  1 .  A c t i v i t y  o f  S p e r m a t o z o a  I n - V i t r o .  F o l l o w i n g  
T r e a t m e n t  w i t h  G l v c e r o l  a t  R o o m  T e m p e r a t u r e  a n d  
a t  5  ° C
C e l l u l a r  A T P  c o n c e n t r a t i o n ,  s p e r m  m o r p h o l o g y  a n d  a b i l i t y  
t o  e x c l u d e  e o s i n  ( s e e  2 .  3 .  4 .  2 .  ,  2 .  3 .  1 .  2 .  2 .  ,  2 .  3 .  1 .  2 .  3 .  f o r  
p r o t o c o l s )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n
s p e r m a t o z o a  t r e a t e d  w i t h  g l y c e r o l  a t  r o o m  t e m p e r a t u r e  ( s e e  
2 .  3 .  4 .  1 .  f o r  p r o t o c o l )  a n d  c o n t r o l  s p e r m a t o z o a  ( P > 0 .  1 )  
a f t e r  3 0  o r  6 0  m i n u t e s  o f  a e r o b i c  i n c u b a t i o n  a t  4 0  ° C ,  
s u b s e q u e n t  t o  g l y c e r o l  r e m o v a l .  H o w e v e r ,  m o t i l i t y  ( s e e
2 .  3 .  4 .  2 .  ,  2 .  3 .  1 .  2 .  1 .  f o r  p r o t o c o l )  a f t e r  1 0  m i n u t e s
a e r o b i c  i n c u b a t i o n  w a s  s i g n i f i c a n t l y  r e d u c e d  i n  a l l  
s a m p l e s  c o n t a i n i n g  g l y c e r o l  t r e a t e d  s p e r m a t o z o a ,  i n  a  
g l y c e r o l  c o n c e n t r a t i o n  d e p e n d e n t  m a n n e r  ( P < 0 . 0 5 )
( F i g u r e s  2 4 - 2 7 ) .  V a l u e s  f o r  a l l  p a r a m e t e r s  m e a s u r e d  i n  
g l y c e r o l - t r e a t e d  s p e r m a t o z o a  a f t e r  6 0  m i n u t e s  a e r o b i c  
i n c u b a t i o n  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  v a l u e s  
o b t a i n e d  a f t e r  1 0  m i n u t e s  o r  3 0  m i n u t e s  i n c u b a t i o n  ( P > 0 . 1 )  
( F i g u r e s  2 8 - 3 1 ) ,  b u t  c o n t r o l  s p e r m  m o t i l i t y  w a s  
s i g n i f i c a n t l y  r e d u c e d  ( P < 0 .  0 1 ) .
C e l l u l a r  A T P  c o n c e n t r a t i o n ,  s p e r m  m o r p h o l o g y ,  a b i l i t y  t o  
e x c l u d e  e o s i n  a n d  m o t i l i t y  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
b e t w e e n  s p e r m a t o z o a  t r e a t e d  w i t h  g l y c e r o l  a t  5  ° C  a n d  
c o n t r o l  s p e r m a t o z o a  ( P > 0 .  1 )  a f t e r  3 0  o r  6 0  m i n u t e s  a e r o b i c
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i n c u b a t i o n  a t  4 0  ° C  ( F i g u r e s  2 4 - 3 1 ) .  F o r  a l l  p a r a m e t e r s  
m e a s u r e d ,  v a l u e s  o b t a i n e d  a t  6 0  m i n u t e s  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f r o m  v a l u e s  o b t a i n e d  a t  3 0  m i n u t e s  ( P > 0 . 1 ) .
A f t e r  3 0  a n d  6 0  m i n u t e s  i n c u b a t i o n ,  c e l l u l a r  A T P  
c o n c e n t r a t i o n ,  s p e r m  m o r p h o l o g y  a n d  e o s i n  e x c l u s i o n  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  s p e r m a t o z o a  e x p o s e d  t o  
g l y c e r o l  a t  5  ° C  o r  a t  r o o m  t e m p e r a t u r e  ( P > 0 .  1 )  
( F i g u r e s  2 4 - 3 1 ) .  H o w e v e r ,  s p e r m a t o z o a  e x p o s e d  t o  g l y c e r o l  
a t  5  ° C  e x h i b i t e d  s i g n i f i c a n t l y  g r e a t e r  m o t i l i t y  a f t e r  
1  a n d  6 0  m i n u t e s  i n c u b a t i o n  t h a n  t h o s e  e x p o s e d  t o  g l y c e r o l  
a t  r o o m  t e m p e r a t u r e  ( P < 0 .  0 5 )  w i t h  t h e  e x c e p t i o n  o f  t h o s e  
t r e a t e d  w i t h  0 .  5  a n d  2 .  0 %  g l y c e r o l ,  w h i c h  s h o w e d  n o  
s i g n i f i c a n t  d i f f e r e n c e  a f t e r  6 0  m i n u t e s  a e r o b i c  i n c u b a t i o n  
( P > 0 .  1 ) .
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E 3  2 2 ° C  0  0 . 5  2 . 0  5 . 0  8 . 0
8  5  C  % G l y c e r o l
F i g u r e  2 4 .  E f f e c t  o f  g l y c e r o l  o n  s p e r m  
l i v e / d e a d  s t a t u s  a t  2 2 °  C  a n d  5 °  C . V a l u e s  
a r e  m e a n + / - s . e . m .  o f  d a t a  o b t a i n e d  d u r i n g  a  
3 0  m i n u t e  i n c u b a t i o n  a t  4 0 °  C  f o l l o w i n g  
g l y c e r o l  r e m o v a l ,  f r o m  3  e x p e r i m e n t s .
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Figure 25. E f fect  of g lycero l  on sperm  
morphology in-vitro at 22 C  and 5°  
C .V a lu e s  a re  mean+/-s.e .m. of data  
obtained during a 30 minute incubation  
at 40 C following g lycero l  rem oval ,  
from 3 exper im ents .
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Figure 26. E f fe c t  of g lycero l  on 0
sperm[^TP](nmol/109 sperm) in-vitro at 5 C  
and 22 C .V a lu e s  a re  m ean+/-s .e .m . of 
data obtained during a 30 minute 
incubation at 4 0 ° C  following g lyce ro l  
rem oval ,  from 3 exp er im en ts .
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Figure 27. E f fect  of g lycero l  on sperm  
motility(%[AOD]m) in-vitro at 2 2 ° C and 5°  
C .V a lu e s  are  mean+/-s .e .m. of data  obtained  
after  a 10 minute incubation at 4 0 ° C  followim  
g lycero l  rem oval,  from 3 exp er im en ts
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F igure 28. E f fect  of g ly c e r o loon sperm  0 
l ive/dead status  in-vitro at 5 C and 22 
C .V a lu e s  are  mean+/-s .e .m. of data  
obtained after a 60 minute incubation at 
4 0 ° C  following g lycero l  rem oval ,  from 3 
exper im ents .
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Figure 29. E f fect  of g lycero l  on spoerm 
morphology in-vitro at 5 C and 22°
C .V a lu e s  are mean+/-s.e .m. of data  
obtained after a 60 minute incubation  
at 40 C following glycerol rem oval,  
from 3 experim ents .
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Figure 30. E f fect  oJ g lycero l  on 
sperm [AT£](nm ol/109 sperm) in-vitro at 5 
C and 22 C .V a lu e s  a re  m ean+/-s .e .m . of 
data obtained afoter a 60 minute 
incubation at 40 C following g lyce ro l  
rem oval ,  from 3 exper im ents .
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Figure 31. E f fect  of g lycero l  on 0 
sperm  motility(%[AOD]m) in-vitro at 5 
C and 2 2 ° C .V a lu e s  a re  m ean+/-s .e .m .  
of data obtainedo after  a 60 minute  
incubation at 4 0 ° C  following g lycero l  
rem oval ,  from 3 exp er im en ts .
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3 .  4 .  4 .  2 .  E l e c t r o p h o r e t i c  P r o f i l e s  o f  S p e r m  S u r f a c e  
W a s h i n g s  O b t a i n e d  f r o m  G l v c e r o l  T r e a t m e n t  o f  
S p e r m a t o z o a
C l e a r  d i f f e r e n c e s  w e r e  o b s e r v e d  b e t w e e n  t h e  
e l e c t r o p h o r e t i c  p r o f i l e s  o f  s p e r m  s u r f a c e  w a s h i n g s  f r o m  
g l y c e r o l - t r e a t e d  a n d  c o n t r o l  s p e r m a t o z o a  ( s e e  2 . 3 . 4 . 3 . ,  
2 .  2 .  2 .  2 .  f o r  p r o t o c o l )  ( F i g u r e  3 2 ) .  P r o t e i n  b a n d s  w e r e  
o b s e r v e d  a t  4 6 ,  6 0 ,  6 3 ,  6 4  a n d  6 6  k d  i n  c o n t r o l  p r o f i l e s
o b t a i n e d  a t  r o o m  t e m p e r a t u r e .  A  n u m b e r  o f  e x t r a  b a n d s  
w e r e  e v i d e n t  i n  t h e  5 .  0% g l y c e r o l  t r e a t e d  p r o f i l e
i n c l u d i n g  r e l a t i v e l y  s t r o n g l y  s t a i n e d  b a n d s  a t  2 1 ,  2 5 ,  3 0 ,  
5 3  a n d  6 8  k d ,  a n d  m o r e  w e a k l y  s t a i n e d  b a n d s  a t  4 0  a n d
4 3  k d .  B a n d s  a t  2 1  a n d  2 5  k d  w e r e  s t a i n e d  m o r e  i n t e n s e l y  
i n  t h e  8 . 0 % g l y c e r o l  t r e a t e d  p r o f i l e  a n d  w e r e  a c c o m p a n i e d  
b y  t h e  a p p e a r a n c e  o f  a  b a n d  a t  2 2  k d .  H o w e v e r ,  t h e  b a n d
a t  6 3  k d  i n  t h e  c o n t r o l  p r o f i l e  w a s  a b s e n t  f r o m  b o t h  
g l y c e r o l - t r e a t e d  p r o f i l e s .
P r o t e i n  b a n d s  o b s e r v e d  o n  e l e c t r o p h o r e t i c  p r o f i l e s  o f
s p e r m  s u r f a c e  w a s h i n g s  o b t a i n e d  f r o m  c o n t r o l  s p e r m a t o z o a  
a t  5  °C w e r e  g e n e r a l l y  o f  c o m p a r a b l e  s t a i n i n g  i n t e n s i t y  t o  
t h o s e  o b t a i n e d  a t  r o o m  t e m p e r a t u r e .  H o w e v e r ,  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  o b t a i n e d  f r o m  s p e r m a t o z o a  
t r e a t e d  w i t h  5 .  0  a n d  8 . 0% g l y c e r o l  a t  5  °C s h o w e d
c o n s i d e r a b l y  w e a k e r  s t a i n i n g  t h a n  t h e i r  c o u n t e r p a r t s  
o b t a i n e d  a t  r o o m  t e m p e r a t u r e .  F u r t h e r m o r e ,  c o n s i d e r a b l y  
f e w e r  b a n d s  a p p e a r e d  o n  p r o f i l e s  o f  s p e r m  s u r f a c e  w a s h i n g s  
o b t a i n e d  f r o m  g l y c e r o l - t r e a t e d  s p e r m a t o z o a ,  w i t h  e x t r a
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Figure 32. Silver stained electrophoretic profiles of sperm surface washings obtained 
from control spermatozoa washed with isotonic buffer(a), and spermatozoa exposed to 
5.0%(b) and 8.0%(c) glycerol at room temperature(220C). Lanes d and e are sperm 
surface washings obtained from control spermatozoa washed with isotonic buffer and 
spermatozoa exposed to 8.0% glycerol respectively, at 5 C.
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b a n d s  a t  2 1 ,  2 5  a n d  5 3  k d .  B a n d s  a t  6 3  a n d  6 4  k d  o n  t h e
c o n t r o l  p r o f i l e  w e r e  a b s e n t  f r o m  t h e  p r o f i l e s  o f  s p e r m  
s u r f a c e  w a s h i n g s  o b t a i n e d  f r o m  g l y c e r o l - t r e a t e d  
s p e r m a t o z o a .  P r o f i l e s  o f  5 .  0% ( n o t  s h o w n )  a n d  8 . 0% 
g l y c e r o l - t r e a t e d  s p e r m  s u r f a c e  w a s h i n g s  e x h i b i t e d  
i d e n t i c a l  b a n d i n g  a n d  v e r y  s i m i l a r  s t a i n i n g  i n t e n s i t i e s .
E l e c t r o p h o r e t i c  p r o f i l e s  o f  s p e r m  s u r f a c e  w a s h i n g s  
o b t a i n e d  f r o m  t r e a t m e n t  o f  s p e r m a t o z o a  w i t h  0 .  5  a n d  2 .  0% 
g l y c e r o l  a t  r o o m  t e m p e r a t u r e  a n d  5  °C ( n o t  s h o w n ) ,  s h o w e d  
s i m i l a r  s t a i n i n g  p a t t e r n s  a n d  i n t e n s i t i e s  t o  c o n t r o l  
p r o f i l e s .
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3. 5. OvldU-Cal Sperm S e le c t io n
3 .  5 .  1 .  E n t r y _______Q f _______H o m o l o g o u s _______a n d _______H e t e r o l o q o u s
S p e r m a t o z o a  t o  t h e  U t e r o v a g i n a l  J u n c t i o n  S S T s  
I n - V i t r o
Q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  w e r e  u s e d ,  b e c a u s e  c h i c k e n  
u t e r o v a g i n a l  j u n c t i o n  S S T  c e l l s  c o n t a i n  l a r g e  n u m b e r s  o f  
v e s i c l e s  w h i c h  i n c r e a s e  S S T  o p a c i t y ,  h i n d e r i n g  e x a m i n a t i o n  
o f  t u b u l e  c o n t e n t s .  A l t h o u g h  a v i a n  s p e r m a t o z o a  c o u l d  b e  
p o s i t i v e l y  i d e n t i f i e d  w i t h i n  c h i c k e n  S S T s ,  m a m m a l i a n  
s p e r m a t o z o a  c o u l d  n o t .  H o w e v e r ,  q u a i l  u t e r o v a g i n a l
j u n c t i o n  S S T s  a r e  g e n e r a l l y  d e v o i d  o f  s u c h  v e s i c l e s  a n d  
a l l o w e d  e a s y  i d e n t i f i c a t i o n  o f  m a m m a l i a n  s p e r m a t o z o a  
c o n t a i n e d  w i t h i n  t h e i r  l u m e n .
D e s p i t e  d i f f e r e n c e s  i n  s p e r m  l e n g t h ,  m o t i l i t y
c h a r a c t e r i s t i c s  a n d  m o r p h o l o g y ,  s p e r m a t o z o a  f r o m  a l l  
h o m o l o g o u s  a n d  h e t e r o l o g o u s  s a m p l e s  u s e d  w e r e  f o u n d  i n  
q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  a f t e r  c o - i n c u b a t i o n s  
i n - v i t r o  ( s e e  2 .  6 . 1 .  1 .  ,  2 .  6 . 1 .  2 .  f o r  p r o t o c o l )  ( T a b l e  9 ,
F i g u r e  3 3 ) .  T h e  p e r c e n t a g e  o f  S S T s  c o n t a i n i n g  s p e r m a t o z o a  
r a n g e d  f r o m  3% f o r  r a t  e p i d i d y m a l  s p e r m a t o z o a  t o  6 4 %  f o r  
h u m a n  e j a c u l a t e d  s p e r m a t o z o a ,  w i t h  m a m m a l i a n  s p e r m a t o z o a  
g e n e r a l l y  p e r f o r m i n g  a s  w e l l  a s  t h e i r  a v i a n  c o u n t e r p a r t s .  
A b n o r m a l  f o r m s  o f  c h i c k e n  s p e r m a t o z o a  w e r e  o b s e r v e d  i n  
4 4 .  9% o f  1 1 8  S S T s  e x a m i n e d  ( s e e  2 .  6 . 1 .  5 .  ,  2 .  3 .  1 .  1 .  ,
2 .  6 . 1 .  1 .  ,  2 .  6 . 1 .  2 .  f o r  p r o t o c o l ) .  B o t h  a v i a n  a n d
m a m m a l i a n  s p e r m a t o z o a  o b s e r v e d  a t  t h e  t i p  o f  S S T s  a d o p t e d
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t h e  s t o r a g e  o r i e n t a t i o n  d e s c r i b e d  b y  V a n  K r e y  e t  a l . 
( 1 9 8 1 ) ,  l y i n g  p a r a l l e l  t o  e a c h  o t h e r  w i t h  l a t e r a l  h e a d  
c o n t a c t .  A s  w i t h  a v i a n  s p e r m a t o z o a ,  m o s t  m a m m a l i a n  
s p e r m a t o z o a  o b s e r v e d  w i t h i n  S S T s  r a p i d l y  b e c a m e  q u i e s c e n t ,  
a n d  n o  s p e r m a t o z o a  w e r e  o b s e r v e d  l e a v i n g  S S T s .
P r i o r  t o  i n c u b a t i o n ,  e j a c u l a t e d  s p e r m a t o z o a  g e n e r a l l y  
d e m o n s t r a t e d  g r e a t e r  u n i f o r m i t y  o f  m o t i l i t y  w i t h i n  s e m e n  
s a m p l e s  t h a n  d i d  t e s t i c u l a r ,  e p i d i d y m a l  ( m a m m a l i a n )  o r  
d u c t u s  d e f e r e n s  s p e r m a t o z o a ,  a s  a s s e s s e d  b y  l i g h t  
m i c r o s c o p y .  R a t  e p i d i d y m a l  s p e r m a t o z o a  v e r y  q u i c k l y  
b e c a m e  i m m o t i l e  i n  t h e  m e d i u m  u s e d .
V i g o r o u s  c i l i a r y  a c t i v i t y  w a s  o b s e r v e d  o n  u t e r o v a g i n a l  
j u n c t i o n  m u c o s a l  t i s s u e  t h r o u g h o u t  t h e  d u r a t i o n  o f  s h a k e n  
a n d  u n s h a k e n  i n c u b a t i o n s ,  i n d i c a t i n g  g o o d  t i s s u e  
v i a b i l i t y .
1 7 2
Semen used Type of incubation No. spermatozoa No. SSTs examined % SSTs containing 
spermatozoa
chicken 
test i cular
non-shaken 20 X 106 110 28
chi cken
ductus deferens
non-shaken 50 X 106 70 54
chi cken 
ejaculated
non-shaken 10 X 106 71 45
qua! 1
ductus deferens
non-shaken 120 X 106 87 34
mouse
epididymal
non-shaken 20 X 105 140 33
rat epididymal non-shaken 20 X 106 75 3
bovine
ejaculated
non-shaken 10 X 106 90 63
human
ejaculated
non-shaken 10 X 106 86 64
chicken
ejaculated
shaken 10 X 106 55 40
turkey 
ej acu1 at ed
shaken 10 X 106 57 35
human
ejaculated
shaken 10 X 106 56 54
T a b l e  9 .  F i l l i n g  o f  q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  
i n - v i t r o . V a l u e s  a r e  d a t a  f r o m  s i n g l e  e x p e r i m e n t s .
3 .  5 . 2 .  C r o s s - r e a c t i v i t y  o f  A n t i s e r u m  R a i s e d  A g a i n s t
C h i c k e n  E j a c u l a t e d  S e m i n a l  P l a s m a  P r o t e i n s ,  
w i t h  B o v i n e  a n d  H u m a n  S p e r m a t o z o a
T h e  a n t i s e r u m  r a i s e d  i n  r a b b i t  a g a i n s t  c h i c k e n  e j a c u l a t e d  
s e m i n a l  p l a s m a  p r o t e i n s  d i d  n o t  v i s i b l y  c r o s s - r e a c t  w i t h
1 7 3
Figure 33. Photomicrographs of quail uterovaginal junction SSTs containing quail(a), 
chicken(b), human(c), bovine(d) and rat(e) spermatozoa following in-vitro incubation, 
taken using phase contrast microscopy.XI000.
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a
3 0
■  C o n t r o l
■  0 . 2 5 M  N a C I
1 - 5  6 - 1 0  1 1 - 2 0  2 1 - 5 0
N s p e r m / S S T
Figure 34. A c c e s s  of hy perton ic (0 .25M  
N aCI)(a) ,  and neuram in idase(40 I .U ./m l)(b)  
t reated  sp erm ato zo a  to the u tero vag ina l  
junction S S T s  in-v itro .Va lues  a re  data  from 
single exper im ents .
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s u r f a c e  a n t i g e n s  o n  t h e  m a m m a l i a n  s p e r m a t o z o a  t e s t e d  ( s e e  
2 .  6 . 1 .  4 .  ,  2 .  2 .  1 .  2 .  f o r  p r o t o c o l )  i n d i c a t i n g  a  l a c k  o f
a n t i g e n i c  s i m i l a r i t y  b e t w e e n  a v i a n  a n d  m a m m a l i a n  s p e r m  
s u r f a c e  a s s o c i a t e d  p r o t e i n s  ( F i g u r e  3 5 ) .
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Figure 35. Photomicrographs of human(a,b) and bovine(c,d) spermatozoa stained with 
antiserum raised against ejaculated chicken seminal plasma proteins, and FITC 
conjugated goat antirabbit IgG. Photographs were taken using phase contrast(a,c) and 
epifluorescence microscopy.X400 (chicken), X1000 (bovine).
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S e l e c t i o n
3 .  5 .  3 .  1 .  C r o s s - r e a c t i v i t y  o f  A n t i s e r u m  R a i s e d  A g a i n s t  
C h i c k e n  S e m i n a l  P l a s m a  P r o t e i n s  w i t h  T u r k e y  
S p e r m a t o z o a
B o t h  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  w e r e  s t a i n e d  a f t e r  
e x p o s u r e  t o  a n t i s e r u m  r a i s e d  a g a i n s t  e j a c u l a t e d  c h i c k e n  
s e m i n a l  p l a s m a  p r o t e i n s ,  a n d  s u b s e q u e n t l y  F I T C - c o n j u g a t e d  
g o a t  a n t i r a b b i t  I g G  ( s e e  2 .  6 . 2 .  2 .  1 .  ,  2 .  2 .  1 .  2 .  f o r
p r o t o c o l ) .  C h i c k e n  s p e r m a t o z o a  e x h i b i t e d  i n t e n s e  u n i f o r m  
s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h .  T u r k e y  s p e r m a t o z o a  
w e r e  l e s s  i n t e n s e l y  o r  u n i f o r m l y  s t a i n e d  a n d  e x h i b i t e d  
m a i n l y  h e a d ,  m i d p i e c e  a n d  a n t e r i o r  f l a g e l l a r  s t a i n i n g  
( F i g u r e  3 6 ) .
F o l l o w i n g  e x h a u s t i v e  a b s o r p t i o n  o f  t h e  a n t i s e r u m  w i t h  
t u r k e y  s p e r m a t o z o a ,  c h i c k e n  s p e r m a t o z o a  s u b s e q u e n t l y  
e x p o s e d  t o  t h e  a n t i s e r u m  c o n t i n u e d  t o  s t a i n  a l o n g  t h e i r  
e n t i r e  l e n g t h  ( F i g u r e  3 7 )  ( s e e  2 .  6 . 2 .  2 .  2 .  ,  2 .  2 .  1 .  2 .  f o r
p r o t o c o l ) .  S t a i n i n g  a p p e a r e d  c o n s i d e r a b l y  m o r e  v a r i a b l e  
t h a n  w i t h  u n t r e a t e d  a n t i s e r u m ,  r a n g i n g  f r o m  l i g h t  
s p e c k l i n g  a l o n g  t h e  f l a g e l l u m  w i t h  m o r e  i n t e n s e  s t a i n i n g  
o f  t h e  h e a d  a n d  m i d p i e c e  r e g i o n s ,  t o  i n t e n s e  u n i f o r m  
s t a i n i n g  a l o n g  t h e  e n t i r e  l e n g t h  o f  t h e  s p e r m a t o z o a .
3. 5. 3. I d e n t i f i c a t io n  o f  th e  S i t e  o f  O viducal Sperm
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Figure 36. Photomicrographs of chicken(a,b) and turkey(c,d) spermatozoa stained 
with rabbit antiserum raised against ejaculated chicken seminal plasma proteins, and 
FITC conjugated goat antirabbit IgG. Photographs were taken using phase 
contrast(a,c) and epifluorescence(b,d) microscopy.X400.
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Figure 37. Photomicrographs of chicken(a,b) and turkey(c,d) spermatozoa stained 
with rabbit antiserum raised against ejaculated chicken seminal plasma proteins, 
absorbed with turkey spermatozoa, and FITC conjugated goat antirabbit IgG. 
Photographs were taken using phase contrast(a,c) and epifluorescence(b,d) 
microscopy. X400.
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a n d  E n t r y  o f  H y p e r t o n i c  B u f f e r - T r e a t e d  a n d  
N e u r a m i n i d a s e - T r e a t e d  C h i c k e n  S p e r m a t o z o a  t o  
C h i c k e n  U t e r o v a g i n a l  J u n c t i o n  S S T s  I n - V i t r o
3. 5. 3. 2. Timed Entry o f  Chicken and Turkey Sperm atozoa.
D u r i n g  a  t i m e d  i n c u b a t i o n ,  t u r k e y  s p e r m a t o z o a  e n t e r e d  a n d  
p o p u l a t e d  c h i c k e n  u t e r o v a g i n a l  j u n c t i o n  S S T s  i n - v i t r o  ( s e e  
2 .  6 . 2 .  1 .  , 2 .  6 . 1 .  1 .  , 2 .  6 . 1 .  2 .  , 2 .  3 .  1 .  2 .  4 .  f o r  p r o t o c o l )  a t
a  r a t e  a t  l e a s t  e q u i v a l e n t  t o ,  i f  n o t  g r e a t e r  t h a n  t h e  
r a t e  a t  w h i c h  S S T s  w e r e  p o p u l a t e d  b y  h o m o l o g o u s  c h i c k e n  
s p e r m a t o z o a  ( F i g u r e s  3 8 ,  3 9 ) .  F u r t h e r m o r e ,  t h e
d i s t r i b u t i o n  o f  s p e r m a t o z o a  t h r o u g h o u t  t h e  S S T s  a p p e a r e d  
s i m i l a r  f o r  b o t h  s p e c i e s ,  w i t h  c o n t i n u e d  f i l l i n g  o f  S S T s  
t h r o u g h o u t  t h e  i n c u b a t i o n .
B o t h  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  e x h i b i t e d  v i g o r o u s  
f o r w a r d  m o t i l i t y  t h r o u g h o u t  t h e  d u r a t i o n  o f  t h e
i n c u b a t i o n ,  a s  a s s e s s e d  b y  l i g h t  m i c r o s c o p y .
C h i c k e n  s p e r m a t o z o a  p r e v i o u s l y  t r e a t e d  w i t h  b u f f e r  
c o n t a i n i n g  e i t h e r  0 .  2 5 M  N a C l  ( s e e  2 .  3 .  1 .  1 .  f o r  p r o t o c o l )  
o r  4 0  I .  U . / m l  n e u r a m i n i d a s e  ( s e e  2 .  3 .  3 .  2 .  f o r  p r o t o c o l )  
w e r e  f o u n d  i n  5 7 . 7 %  ( 8 5  S S T s  e x a m i n e d )  a n d  5 3 . 9 %  ( 9 8  S S T s  
e x a m i n e d )  r e s p e c t i v e l y ,  o f  c h i c k e n  u t e r o v a g i n a l  j u n c t i o n  
S S T s  e x a m i n e d  ( s e e  2 .  6 . 1 .  3 .  , 2 .  3 .  1 .  2 .  4 .  f o r  p r o t o c o l ) ,
c o m p a r e d  w i t h  5 4 . 3 %  ( 7 0  S S T s  e x a m i n e d )  a n d  5 5 . 0 %  ( 8 0  S S T s  
e x a m i n e d )  f o r  t h e i r  r e s p e c t i v e  c o n t r o l s .  D i s t r i b u t i o n  o f
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4 0
n  1 - 5  S p e r m / S S T  
s  6 - 1 0  S p e r m / S S T  
■  1 1 - 2 0  S p e r m / S S T  
d  2 1 - 5 0  S p e r m / S S T
1 0  2 0  4 0  7 0  1 0 0
Tim e(m inutes)
Figure  38. Time c o u rse  of filling of ch ick e n  
U terovag ina l  Junction S S T s  with tu rkey  
sp e rm a to zo a  in-v itro .V a lu es  a re  m eans  from 2 
exper im ents .
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1 0  2 0  4 0  7 0  1 0 0
Time(minutes)
Figure 39. Time co urse  of filling of ch icken  
Uterovaginal Junction S S T s  with ch icken  
sp erm ato zo a  in-vitro.Va lues  are m eans from 
2 experim ents .
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□  I . V . ( c h i c k e n )
^  I . V . ( t u r k e y )  
o  U . V . J . ( c h i c k e n )  
mo U . V . J . ( t u r k e y )
1 - 5 6 - 1 0  1 1 - 2 0  2 1 - 5 0
N sp erm /SST
Figure 40. A c c e s s  of ch icken  and turkey  
sperm ato zo a  to the ch icken  U .V . J .S S T s  
in-v ivo, following I.V. or U.V.J .  
insem inat ion.Values  are mean+/-s.e .m. of 
data from 3(ch icken  sperm) or 6 (turkey  
sperm) hens.An a verag e  of 105 S S T s  w ere  
a s s e s s e d  from each  hen.
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s p e r m a t o z o a  t h r o u g h o u t  S S T s  a p p e a r e d  v a r i a b l e  f o r  t r e a t e d  
s p e r m a t o z o a  a n d  t h e i r  r e s p e c t i v e  c o n t r o l s  ( F i g u r e  3 4 ) .
C i l i a r y  a c t i v i t y  o f  u t e r o v a g i n a l  j u n c t i o n  t i s s u e  r e m a i n e d  
v i g o r o u s  t h r o u g h o u t  a l l  i n c u b a t i o n s ,  i n d i c a t i n g  g o o d  
t i s s u e  v i a b i l i t y .
3 .  5 .  3 .  3 .  E n t r y  o f  H o m o l o g o u s _______ a n d  H e t e r o l o g o u s
S p e r m a t o z o a  t o  C h i c k e n  a n d  Q u a i l  U t e r o v a g i n a l  
J u n c t i o n  S S T s  I n - V i v o
F o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  o f  c h i c k e n  o r  t u r k e y  
s p e r m a t o z o a  i n t o  c h i c k e n  h e n s ,  o n l y  0 . 2  ±  0 . 1 % o f  
u t e r o v a g i n a l  j u n c t i o n  S S T s  e x a m i n e d  ( s e e  2 .  6 . 2 .  3 .  , 
2 .  3 .  1 .  2 .  4 .  f o r  p r o t o c o l )  c o n t a i n e d  t u r k e y  s p e r m a t o z o a ,  
c o m p a r e d  w i t h  5 0 .  1 ±  6 . 3% f o r  c h i c k e n  s p e r m a t o z o a  
( P c O . O O l )  ( F i g u r e  4 0 ) .  H o w e v e r ,  f o l l o w i n g  i n s e m i n a t i o n  
i n t o  t h e  l u m e n  o f  t h e  u t e r o v a g i n a l  j u n c t i o n ,  4 8 .  5  ±  3 .  6 % 
o f  S S T s  c o n t a i n e d  t u r k e y  s p e r m a t o z o a ,  c o m p a r e d  w i t h  
4 0 .  9  ±  1 .  7% f o r  c h i c k e n  s p e r m a t o z o a  ( P > 0 .  1 ) .  T h e
d i s t r i b u t i o n s  o f  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  t h r o u g h o u t  
t h e  S S T s  w e r e  s i m i l a r  a f t e r  u t e r o v a g i n a l  j u n c t i o n  
i n s e m i n a t i o n .
H u m a n  s p e r m a t o z o a  w e r e  o b s e r v e d  i n  4 .  8 % o f  q u a i l  
u t e r o v a g i n a l  j u n c t i o n  S S T s  ( 8 3  S S T s  e x a m i n e d )  f r o m  o n e  o f  
t h e  2  h e n s  e x a m i n e d  ( s e e  2 . 6 . 1 . 6 . ,  2 . 6 . 1 . 2 . f o r  p r o t o c o l ) .  
S p e r m a t o z o a  o b s e r v e d  i n  S S T s ,  a l t h o u g h  i n t a c t ,  e x h i b i t e d
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r ig i d  f l a g e l l a r  con form ation  and appeared t o  be f l o a t in g
f r e e  w i t h i n t h e t u b u l e l u m e n , s u g g e s t i n g t h a t s u c h
s p e r m a t o z o a m a y h a v e b e e n d e a d . N o  s p e r m a t o z o a w e r e
o b s e r v e d  i n S S T s f r o m t h e o t h e r h e n .  S m a l l n u m b e r s  o f
s p e r m a t o z o a  w e r e  o b s e r v e d  i n  t h e  o u t e r  p e r i v i t e l l i n e  l a y e r  
o f  e g g s  f r o m  4  o f  t h e  o t h e r  5  h e n s  i n s e m i n a t e d  ( s e e  
2 .  6 . 1 .  6 . ,  2 .  3 .  1 .  2 .  5 .  f o r  p r o t o c o l ) ,  a n d  e g g s  f r o m  a  s i n g l e  
h e n  w e r e  o b s e r v e d  t o  c o n t a i n  s p e r m a t o z o a  f o r  4  c o n s e c u t i v e  
d a y s  f o l l o w i n g  i n s e m i n a t i o n  ( T a b l e  1 0 ) .  S p e r m  n u c l e i  
s t a i n e d  i n t e n s e l y  w i t h  D A P I ,  a n d  s p e r m a t o z o a  a p p e a r e d  
i n t a c t  b y  p h a s e  c o n t r a s t  m i c r o s c o p y  5  d a y s  f o l l o w i n g  
i n s e m i n a t i o n  ( F i g u r e  4 1 ) .
Hen No. Day 2 Day 3 Day 4 Day 5
1 2.2 1. 3 0. 5 0.2
2 0.5 0.0 0.0 0.0
3 0. 8 0 . 0 0 . 0 0 . 0
4 0 . 0 0 . 0 0 . 0 0 . 0
5 0.5 0 . 0 0 . 0 0 . 0
T a b l e  1 0 .  A c c e s s  o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  h u m a n  
s p e r m a t o z o a  t o  t h e  q u a i l  e g g  i n - v i v o . V a l u e s  r e p r e s e n t  
t h e  m e a n  n u m b e r  o f  s p e r m a t o z o a  p e r  5 .  5  mm2  o f  o u t e r  
p e r i v i t e l l i n e  l a y e r ,  f r o m  6  a s s e s s m e n t s  p e r  e g g .
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Figure 41. Photomicrographs of a human spermatozoon trapped in the outer 
peri vitelline layer of a laid quail egg following intravaginal insemination, stained with 
DAPI. Photographs were taken using phase contrast(a) and epifluorescence(b) 
microscopy. X 1000.
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3 .  5 .  4 .  P o t e n t i a l  P h y s i o l o g i c a l  B a s i s  o f  Q v i d u c a l  S p e r m
S e l e c t i o n
3 .  5 .  4 .  1 .  C h i c k e n  I m m u n o g l o b u l i n  b i n d i n g  I n - V i v o  a n d  
L i v e / D e a d  S t a t u s  o f  H o m o l o g o u s  a n d  H e t e r o l o g o u s  
S p e r m a t o z o a  R e c o v e r e d  b v  V a g i n a l  L a v a g e  
F o l l o w i n g  I n t r a v a q i n a l  I n s e m i n a t i o n
A  h i g h  p e r c e n t a g e  ( 6 3 .  5  ±  1 .  9% o f  3 7 7 0  s p e r m a t o z o a  
e x a m i n e d )  o f  t h e  3 .  0  ±  0 .  6  X  1 0 6  s p e r m a t o z o a
( m e a n  ±  s .  e .  m. f r o m  1 8  w a s h i n g s )  r e c o v e r e d  f r o m  t h e  
c h i c k e n  v a g i n a  b y  l a v a g e  2 0  m i n u t e s  f o l l o w i n g  i n s e m i n a t i o n  
h a d  c h i c k e n  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e  ( s e e  
2 .  6 . 3 .  1 .  f o r  p r o t o c o l ) ,  a  s l i g h t l y  l o w e r  p e r c e n t a g e  
( 5 9 . 4  ±  5 . 4 %  o f  7 1 5  s p e r m a t o z o a  e x a m i n e d )  s t a i n i n g  d e a d  
( s e e  2 .  6 . 3 .  1 .  ,  2 .  3 .  1 .  2 .  3 .  f o r  p r o t o c o l ) .  T h e s e
p e r c e n t a g e s  i n c r e a s e d  w i t h  t i m e  t o  9 6 .  7  ±  6 . 0% ( o f  
3 3 4  s p e r m a t o z o a  e x a m i n e d )  a f t e r  8  h o u r s  f o r  i m m u n o g l o b u l i n  
b i n d i n g  a n d  9 9 .  1 ±  2 .  6 % ( o f  1 5 2  s p e r m a t o z o a  e x a m i n e d )  
a f t e r  1 8  h o u r s  f o r  c e l l s  s t a i n i n g  d e a d  ( F i g u r e  4 2 ) .  I n  
c o n t r a s t ,  o n l y  1 . 2  ± 0 . 1 % o f  n o n - i n s e m i n a t e d  c o n t r o l  
s p e r m a t o z o a  ( 4 5 0 0  s p e r m a t o z o a  e x a m i n e d )  s t a i n e d  p o s i t i v e l y  
f o r  b o u n d  i m m u n o g l o b u l i n ,  w i t h  4 .  0  ±  0 .  7% ( o f  
9 0 0  s p e r m a t o z o a  e x a m i n e d )  s t a i n i n g  d e a d  a f t e r  2 0  m i n u t e s  
i n c u b a t i o n  a t  4 0  °C.
B i n d i n g  o f  c h i c k e n  i m m u n o g l o b u l i n  w a s  v a r i a b l e  w i t h  r e g a r d  
t o  i n t e n s i t y  a n d  p a t t e r n .  S t a i n i n g  o f  h e a d  a n d  m i d p i e c e  
r e g i o n s  w a s  e i t h e r  u n i f o r m l y  s p e c k l e d  o r  p a t c h y ,  w h e r e a s
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■  I g G  B o u n d  T i m e
®  D e a d
Figure  42.  C h icken  IgG binding and l ive/dead  
s ta tu s  of ch icken  sp e rm a to zo a  r e c o v e r e d  from 
the ch icken  vagina  by lavage  at timed in te rv a ls  
following I.V. in sem inat io n .V a lues  a re  
mean+/-s .e ,m. from an a v e ra g e  of 9 hens per  
time period.
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Figure 43. C h icken  IgG binding and 
l ive/dead s ta tus  of turkey s p e rm a to z o a  
rec o v e re d  from the ch icken  vag ina  by 
lavage  at timed in terva ls  following I.V.  
insem inat ion .Va lues  are  m ean+/-s .e .m . from 
an a v e ra g e  of 6 hens per time period.
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Figure 44.  C h icken  IgG binding to ch ick e n  
and turkey sp erm a to zo a  re c o v e re d  from 
the ch icken  vagina by lava g e  at timed  
in te rva ls  following I.V. in sem in at io n .V a lu es  
are  mean+/-s.e .m. from an a v e r a g e  of 
9 (ch ick e n  sperm) or 6 ( tu rkey  sperm ) hens  
per time period
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Figure  45.  L ive/dead  s ta tu s  of ch ic k e n  and  
turkey sp e rm a to zo a  r e c o v e re d  from the  
ch ick e n  vagina by lavage  at timed in te rv a ls  
following I.V. insem inat io n .Va lues  a re  
mean+/-s .e .m. from an a v e ra g e  of 9 ( c h ic k e n  
sperm ) or 6(turkey  sperm) hens per time  
period.
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s t a i n i n g  o f  t h e  f l a g e l l a r  r e g i o n  w a s  g e n e r a l l y  u n i f o r m ,  
m o r e  i n t e n s e ,  a n d  o b s e r v e d  a l o n g  c l e a r l y  d e m a r c a t e d  a r e a s  
( F i g u r e  4 7 ) .
O f  s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e  2 0  m i n u t e s  
f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n ,  4 0 .  5 ± 1 . 8 %  o f  t h o s e  
s t a i n e d  e x h i b i t e d  a  c o m b i n a t i o n  o f  h e a d  a n d  f l a g e l l a r  
s t a i n i n g  ( T a b l e  1 1 ) .  F l a g e l l a r  s t a i n i n g  w i t h i n  t h i s  g r o u p  
g e n e r a l l y  i n v o l v e d  t h e  a n t e r i o r  t o  m i d - f l a g e l l a r  r e g i o n ,  
w i t h  s o m e  p o s t e r i o r  f l a g e l l a r  s t a i n i n g .  S m a l l e r  g r o u p s  o f  
s p e r m a t o z o a  e x h i b i t e d  h e a d  o n l y  o r  f l a g e l l a r  o n l y  
s t a i n i n g ,  s t a i n i n g  i n  t h e  l a t t e r  g r o u p  b e i n g  m a i n l y  
r e s t r i c t e d  t o  t h e  p o s t e r i o r  f l a g e l l a r  r e g i o n .
I n t r a v a g i n a l  i n s e m i n a t i o n  o f  t u r k e y  s p e r m a t o z o a  i n t o  
c h i c k e n  h e n s  p r o d u c e d  s i m i l a r  r e s u l t s  ( F i g u r e  4 3 )  b u t  t h e  
p e r c e n t a g e s  o f  l a v a g e d  s p e r m a t o z o a  w i t h  b o u n d  c h i c k e n  
i m m u n o g l o b u l i n  a n d  s t a i n i n g  d e a d  i n c r e a s e d  t o  m a x i m a  o v e r  
a  s h o r t e r  t i m e  p e r i o d  ( F i g u r e s  4 4 ,  4 5 ) .  O f  s p e r m a t o z o a
r e c o v e r e d  b y  l a v a g e  2 0  m i n u t e s  f o l l o w i n g  i n t r a v a g i n a l  
i n s e m i n a t i o n ,  6 6 . 8  ± 8 . 7  ( 5 2 1  s p e r m a t o z o a  e x a m i n e d )  h a d
c h i c k e n  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e ,  w i t h  
5 4 . 2  ± 2 . 7 %  ( 8 1 0  s p e r m a t o z o a  e x a m i n e d )  s t a i n i n g  d e a d .
T h e s e  p e r c e n t a g e s  i n c r e a s e d  w i t h  t i m e  t o  1 0 0 %  
( 1 9 7  s p e r m a t o z o a  e x a m i n e d )  a f t e r  4  h o u r s  f o r  b o u n d  c h i c k e n  
i m m u n o g l o b u l i n  a n d  9 1 .  9 ± 5 .  1% ( 5 6 8  s p e r m a t o z o a  e x a m i n e d )  
f o r  s p e r m a t o z o a  s t a i n i n g  d e a d  ( F i g u r e  4 3 ) .
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O n l y  1.  2 ± 0 . 3 %  ( 1 0 0 7  s p e r m a t o z o a  e x a m i n e d )  o f
n o n - i n s e m i n a t e d  c o n t r o l  s p e r m a t o z o a  s t a i n e d  p o s i t i v e l y  f o r  
b o u n d  i m m u n o g l o b u l i n ,  w i t h  6 .  1 ± 1.  3% ( 9 0 0  s p e r m a t o z o a  
e x a m i n e d )  s t a i n i n g  d e a d .
P a t t e r n s  o f  c h i c k e n  i m m u n o g l o b u l i n  b i n d i n g  t o  t u r k e y  
s p e r m a t o z o a  d i f f e r e d  f r o m  t h o s e  o b s e r v e d  o n  c h i c k e n  
s p e r m a t o z o a  ( T a b l e  1 1 ,  F i g u r e  4 7 ) .  T h e  p e r c e n t a g e  o f
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  c h i c k e n  v a g i n a  2 0  m i n u t e s  
f o l l o w i n g  i n s e m i n a t i o n ,  w i t h  i m m u n o g l o b u l i n  b o u n d  t o  t h e  
h e a d  a n d  f l a g e l l a r  r e g i o n s ,  w a s  s i m i l a r  t o  t h a t  o b s e r v e d  
f o r  c h i c k e n  s p e r m a t o z o a  ( T a b l e  1 1 ) .  H o w e v e r ,  f l a g e l l a r
s t a i n i n g  m a i n l y  i n v o l v e d  t h e  a n t e r i o r  t o  m i d - f l a g e l l a r  
r e g i o n .  F u r t h e r m o r e ,  t h e  p e r c e n t a g e  o f  s p e r m a t o z o a  
d e m o n s t r a t i n g  h e a d - o n l y  s t a i n i n g  w a s  s i g n i f i c a n t l y  l o w e r ,  
a n d  t h e  p e r c e n t a g e  o f  s p e r m a t o z o a  e x h i b i t i n g  
f l a g e l l a r - o n l y  s t a i n i n g  s i g n i f i c a n t l y  h i g h e r  t h a n  f o r  
c h i c k e n  s p e r m a t o z o a  ( P < 0 .  0 1 ) .
Spermatozoa head + flagellum head only flagellum only
chi cken 40. 5±1.8 24. 6±2.6 30. 2±1.8
turkey 38. 5±4. 4 6. 2±5. 1 52. 9±4.1
T a b l e  1 1 .  P a t t e r n  o f  i n t r a v a g i n a l  b i n d i n g  o f  c h i c k e n
i m m u n o g l o b u l i n  t o  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  i n - v i v o . 
V a l u e s  a r e  m e a n  ± s . e . m .  p e r c e n t a g e s  o f  s p e r m a t o z o a  
e x h i b i t i n g  r e g i o n a l  i m m u n o g l o b u l i n  b i n d i n g ,  f r o m  t h e  
e x a m i n a t i o n  o f  3 6 0 0  c h i c k e n  s p e r m a t o z o a  f r o m  1 8  h e n s  a n d  
5 2 1  t u r k e y  s p e r m a t o z o a  f r o m  4 h e n s .
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T h e  p e r c e n t a g e s  o f  s p e r m a t o z o a  r e c o v e r e d  2 0  m i n u t e s  
f o l l o w i n g  i n s e m i n a t i o n  w h i c h  h a d  i m m u n o g l o b u l i n  b o u n d  t o  
t h e i r  s u r f a c e  o r  s t a i n e d  d e a d  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
b e t w e e n  t h e  2 s p e c i e s  ( P > 0 .  1 ) .  H o w e v e r ,  v a l u e s  f o r  b o t h  
p a r a m e t e r s  d i f f e r e d  s i g n i f i c a n t l y  b e t w e e n  c h i c k e n  a n d  
t u r k e y  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  2 h o u r s  a n d  
4 h o u r s  f o l l o w i n g  i n s e m i n a t i o n  ( P < 0 .  0 5 ) .
A s s e s s m e n t s  o f  i m m u n o g l o b u l i n  b i n d i n g  a n d  l i v e / d e a d  s t a t u s  
w e r e  c a r r i e d  o u t  o n  f r e e  s p e r m a t o z o a  i n  w a s h i n g s .  
H o w e v e r ,  s p e r m a t o z o a  w e r e  o f t e n  o b s e r v e d  i n  a g g l u t i n a t i o n s  
o f  v a r i o u s  s i z e  o r  s u s p e n d e d  i n  l a r g e  n u m b e r s  i n  v a g i n a l  
m u c u s  ( F i g u r e  4 6 ) .  A l l  o f  s u c h  s p e r m a t o z o a  s t a i n e d  d e a d  
a n d  m o s t  h a d  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e .
S p e r m  m o t i l i t y  i n  v a g i n a l  w a s h i n g s  v a r i e d  a m o n g  h e n s ,  b u t  
i n  g e n e r a l ,  > 8 0 %  o f  s p e r m a t o z o a  r e c o v e r e d  2 0  m i n u t e s  a f t e r  
i n s e m i n a t i o n  w e r e  i m m o t i l e ,  w i t h  a  s m a l l  p e r c e n t a g e  ( < 1 0 % )  
e x h i b i t i n g  v i g o r o u s  f o r w a r d  m o t i l i t y .
T h e  p e r c e n t a g e  o f  s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e  
2 0  m i n u t e s  f o l l o w i n g  i n s e m i n a t i o n ,  w h i c h  h a d  
i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e ,  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  ( P > 0 .  1 )  b e t w e e n  v i r g i n  h e n s  ( 5 8 . 5  ± 2 . 3 %  o f  
2 8 0 0  s p e r m a t o z o a  e x a m i n e d ,  f r o m  1 4  h e n s )  a n d  h e n s  w h i c h  
h a d  b e e n  i n s e m i n a t e d  o n  a  n u m b e r  o f  o c c a s i o n s  o v e r  
p r e c e d i n g  m o n t h s  ( 6 0 . 8  ± 2 . 2 %  o f  1 3 0 0  s p e r m a t o z o a  
e x a m i n e d ,  f r o m  9 h e n s )  ( s e e  2 .  6 .  3 .  3 .  , 2 .  6 .  3 .  1.  f o r  
p r o t o c o l ) .  S i m i l a r l y ,  t h e  p e r c e n t a g e s  o f  s p e r m a t o z o a
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aFigure 46. Photomicrographs of chicken spermatozoa suspended in vaginal mucus 
following recovery by vaginal lavage 20 minutes after intravaginal insemination, 
stained with FITC conjugated rabbit antichicken IgG. Photographs were taken using 
phase contrast(a) and epifluorescence(b) microscopy.X400.
1 9 6
Figure 47. Photomicrographs of chicken(a,b,c,d) and turkey(e,f,g,h) spermatozoa 
recovered from the chicken vagina by lavage 20 minutes following intravaginal 
insemination, and stained with rabbit antichicken IgG. Photographs were taken using 
phase contrast(a,c,e,g) and epifluorescence(b,d,f,h) microscopy.X1000.
1 9 7
s t a i n i n g  d e a d  ( 5 4 .  8 ±  1.  4% o f  3 3 5  s p e r m a t o z o a  e x a m i n e d ,  
f r o m  1 5  h e n s ,  f o r  p r e v i o u s l y  i n s e m i n a t e d  b i r d s  a n d  
5 4 .  1 ± 1.  8% o f  6 2 2  s p e r m a t o z o a  e x a m i n e d ,  f r o m  1 5  h e n s ,  f o r  
v i r g i n  b i r d s )  ( s e e  2 .  6 .  3 .  3 .  ,  2 .  3 .  1 .  2 .  3 .  f o r  p r o t o c o l )  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  ( P > 0 . 1 ) .
O f  h u m a n  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  c h i c k e n  v a g i n a  
1 0  m i n u t e s  a f t e r  i n s e m i n a t i o n ,  8 5 . 6 %  ( 1 2 5  s p e r m a t o z o a
e x a m i n e d )  s t a i n e d  p o s i t i v e l y  f o r  s u r f a c e  b o u n d  c h i c k e n  
i m m u n o g l o b u l i n  ( F i g u r e  4 8 )  ( s e e  2 .  6 .  3 .  4 .  , 2 .  6 .  3 .  1.  f o r
p r o t o c o l ) ,  c o m p a r e d  w i t h  3 . 3 %  ( 4 0 0  s p e r m a t o z o a  e x a m i n e d )
f o r  n o n - i n s e m i n a t e d  c o n t r o l s .  T h e  p a t t e r n  o f  s t a i n i n g  o n  
r e c o v e r e d  s p e r m a t o z o a  w a s  v a r i a b l e ,  a s  w a s  s t a i n i n g  
i n t e n s i t y .  A l l  4 0 0  c o n t r o l  g e r b i l  s p e r m a t o z o a  e x a m i n e d  
e x h i b i t e d  v e r y  f a i n t  u n i f o r m  s t a i n i n g  o f  t h e  h e a d  a n d  
m i d p i e c e  r e g i o n s ,  w h e r e a s  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  
v a g i n a  e x h i b i t e d  i n t e n s e  s t a i n i n g  a l o n g  t h e i r  e n t i r e  
l e n g t h  ( 8 8  s p e r m a t o z o a  e x a m i n e d ) .
L e i s h m a n s  s t a i n e d  v a g i n a l  s m e a r s  o b t a i n e d  f r o m  
2 n o n - i n s e m i n a t e d  c o n t r o l  h e n s  ( s e e  2 .  6 .  3 .  6 .  f o r  p r o t o c o l )  
s h o w e d  l a r g e  n u m b e r s  o f  c i l i a  t o r n  f r o m  t h e  v a g i n a l  
m u c o s a l  c e l l s ,  a n d  s o m e  l a r g e  e p i t h e l i a l  c e l l s .  N o  o t h e r  
c e l l  t y p e s  w e r e  o b s e r v e d .  S m e a r s  f r o m  4 i n s e m i n a t e d  h e n s  
w e r e  s i m i l a r ,  b u t  g e n e r a l l y  c o n t a i n e d  s p e r m a t o z o a  i n  l a r g e  
n u m b e r s ,  w h i c h  a p p e a r e d  i n t a c t .  N o  m a c r o p h a g e s  w e r e  
o b s e r v e d ,  a l t h o u g h  a  s m a l l  n u m b e r  o f  s m a l l  r o u n d e d  c e l l s  
w i t h  l a r g e  r e g u l a r  n u c l e i  m a y  h a v e  b e e n  l y m p h o c y t e s .
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Figure 48. Photomicrographs of human(a,b) and gerbil(e,f) spermatozoa recovered 
from the chicken vagina by lavage 10 minutes following intravaginal insemination, 
and stained with FITC conjugated rabbit antichicken IgG. Photographs were taken 
using phase contrast(a,e) and epifluorescence(b,f) microscopy. Also shown are 
identically stained non-inseminated human(c,d) and gerbil(g,h) control 
spermatozoa. X400.
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3 .  5 .  4 .  2 .  C o r r e l a t i o n  B e t w e e n  S p e r m  L i v e / D e a d  S t a t u s  a n d  
C h i c k e n  I m m u n o g l o b u l i n  B i n d i n g  i n  t h e  V a g i n a
P r o p i d i u m  i o d i d e  w a s  o b s e r v e d  t o  p r o g r e s s i v e l y  p e r m e a t e  
s p e r m a t o z o a  h e l d  u n d e r  t h e  c o v e r s l i p ,  w h e n  u s e d  a t  a  
c o n c e n t r a t i o n  o f  2 0  ; u g / m l  o r  g r e a t e r  ( T a b l e  1 2 )  a l t h o u g h  
s p e r m a t o z o a  h e l d  i n  a  s u s p e n s i o n  c o n t a i n i n g  2 0  ^ u g / m l  P I  
f o r  u p  t o  3 0  m i n u t e s  a p p e a r e d  u n a f f e c t e d  ( 1 1 . 7 %  o f  a n  
a v e r a g e  o f  6 1 8  s p e r m a t o z o a  e x a m i n e d  f r o m  2 e x p e r i m e n t s  
s t a i n i n g  d e a d ) .  T h i s  e f f e c t  w a s  n o t  o b s e r v e d  a t  a  
c o n c e n t r a t i o n  o f  2  jig/ml, w h i c h  w a s  s u b s e q u e n t l y  e m p l o y e d  
a s  t h e  w o r k i n g  c o n c e n t r a t i o n .  A t  t h i s  c o n c e n t r a t i o n ,  
p r o p i d i u m  i o d i d e  w a s  f o u n d  t o  p e r f o r m  s i m i l a r l y  t o  
n i g r o s i n  a n d  e o s i n ,  a s  a  v i t a l  s t a i n  ( s e e  2 .  6 .  3 .  2 .  1.  f o r  
p r o t o c o l ) .
U s i n g  p r o p i d i u m  i o d i d e  ( s e e  2 .  6 .  3 .  2 .  2 .  ) ,  6 2 .  9 ± 1.  7%
( 1 2 8 1  s p e r m a t o z o a  e x a m i n e d ,  f r o m  9 h e n s )  o f  c h i c k e n  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  c h i c k e n  v a g i n a  2 0  m i n u t e s  
a f t e r  i n s e m i n a t i o n  w e r e  s t a i n e d ,  a n d  8 2 .  1 ± 2 .  1% o f  t h e s e  
h a d  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e  ( F i g u r e  4 9 ) .  I n  
c o n t r a s t ,  o n l y  7 .  7 ± 3 .  4% o f  s p e r m a t o z o a  e x c l u d i n g  
p r o p i d i u m  i o d i d e  h a d  c h i c k e n  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  
s u r f a c e .
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Figure 49. Photomicrographs of chicken spermatozoa recovered from the chicken 
vagina by lavage 20 minutes following intravaginal insemination, and stained with 
FITC conjugated rabbit antichicken IgG and Propidium Iodide. Photographs were 
taken using phase contrast(a) and epifluorescence(b,c,d) microscopy.XI000.
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T a b l e  1 2 .  L i v e / d e a d  s t a t u s  o f  c h i c k e n  s p e r m a t o z o a  h e l d  
u n d e r  c o v e r s l i p s  a s s e s s e d  b y  p e r m e a b i l i t y  t o  e o s i n  o r  
p r o p i d i u m  i o d i d e .  V a l u e s  a r e  m e a n  p e r c e n t a g e s  o f
s p e r m a t o z o a  s t a i n i n g  d e a d ,  f r o m  2 e x p e r i m e n t s .  A n  a v e r a g e  
o f  7 4 8  s p e r m a t o z o a  w e r e  a s s e s s e d  p e r  t i m e  u n d e r  t h e  
c o v e r s l i p ,  p e r  s t a i n .
3 .  5 .  4 .  3 .  C h i c k e n  I m m u n o c r l o b u l i n  B i n d i n g  I n - V i v o  t o  
C h i c k e n  S p e r m a t o z o a  R e c o v e r e d  f r o m  t h e  A n t e r i o r  
O v i d u c t  F o l l o w i n g  I n t r a v a g i n a l  a n d  I n t r a u t e r i n e  
I n s e m i n a t i o n
O n l y  1 . 4  ± 0 . 6 %  ( 1 5 1 6  s p e r m a t o z o a  e x a m i n e d ,  f r o m  2 1  h e n s )  
o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  s u b s e q u e n t l y  
r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  4 8  h o u r s  
f o l l o w i n g  i n s e m i n a t i o n  h a d  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  
s u r f a c e  ( F i g u r e  5 0 )  ( s e e  2 .  6 .  3 .  5 .  , 2 .  6 .  3 .  1.  f o r  p r o t o c o l ) .  
S p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  i n f u n d i b u l a r  m u c o s a  
( 2 7 1  s p e r m a t o z o a  e x a m i n e d ,  f r o m  1 2  h e n s )  d i d  n o t  d i s p l a y  
i m m u n o g l o b u l i n  o n  t h e i r  s u r f a c e .  S i m i l a r  r e s u l t s  w e r e  
o b t a i n e d  a f t e r  i n t r a u t e r i n e  i n s e m i n a t i o n  o f  s p e r m a t o z o a  
( s e e  2 .  6 .  3 .  5 .  , 2 .  6 .  3 .  1.  f o r  p r o t o c o l ) .  O n l y  1 .  3 ± 2 .  1%
( 1 3 1 2  s p e r m a t o z o a  e x a m i n e d ,  f r o m  1 0  h e n s )  o f  s u c h  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  a n d  
0 .  1 ± 0 . 8 %  ( 9 8 3  s p e r m a t o z o a  e x a m i n e d ,  f r o m  1 0  h e n s )  o f
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Figure 50. Photomicrographs of chicken spermatozoa recovered from the uterovaginal 
junction 48 hours following intravaginal insemination, and stained with FITC 
conjugated rabbit antichicken IgG. Photographs were taken using phase contrast(a) 
and epifluorescence(b) microscopy.XI000.
2 0 3
t h o s e  r e c o v e r e d  fro m  t h e  i n f u n d i b u l a r  mucosa 3 h o u rs  a f t e r
i n s e m i n a t i o n  d i s p l a y e d  i m m u n o g l o b u l i n  o n  t h e i r  s u r f a c e .
3 .  5 .  4 .  4 .  S p e r m  A c c e s s  t o  t h e  N e w l y  O v u l a t e d  E g g  I n - V i v o .
C h i c k e n  I m m u n o g l o b u l i n  B i n d i n g  a n d  L i v e / D e a d  
S t a t u s  F o l l o w i n g  I n - V i t r o  I n c u b a t i o n  w i t h  
V a g i n a l  M u c o s a
T h e  p e r c e n t a g e  o f  s p e r m a t o z o a  w i t h  i m m u n o g l o b u l i n  b o u n d  t o  
t h e i r  s u r f a c e  w a s  s i g n i f i c a n t l y  g r e a t e r  ( P < 0 . 0 0 1 )  
f o l l o w i n g  i n - v i t r o  i n c u b a t i o n  w i t h  v a g i n a l  m u c o s a ,  t h a n  
a f t e r  i n c u b a t i o n  i n  M. E .  M. a l o n e  ( s e e  2 . 6 . 4 . ,
2 .  6 .  3 .  1.  f o r  p r o t o c o l )  ( T a b l e  1 3 ) .
T h e  p e r c e n t a g e s  o f  s p e r m a t o z o a  s t a i n i n g  d e a d  ( s e e  2 .  6 .  4 .  , 
2 .  3 .  1.  2 .  3 .  f o r  p r o t o c o l )  f r o m  i n f u n d i b u l a r  a n d  c o n t r o l  
i n c u b a t i o n s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  ( P > 0 . 1 ) ,  b u t  w e r e  
b o t h  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  f r o m  t h e  v a g i n a l  
i n c u b a t i o n  ( P < 0 .  0 0 1 ) .
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Chicken Immunoglobulin binding Live/dead staining
Sperm incubation Mo. sperm % sperm No. sperm % sperm
examined binding IgG examined staining dead
control (M.E.M. only) 1200 3. 0±1. 0 1200 14. 4±3.1
vaginal mucosa 1000 64. 3±5.1 1500 49. 5il.8
infundibular mucosa - - 1500 20. 7±1. 8
T a b l e  1 3 .  C h i c k e n  I m m u n o g l o b u l i n  b i n d i n g  a n d  l i v e / d e a d  
s t a t u s  o f  c h i c k e n  s p e r m a t o z o a  f o l l o w i n g  a  6 0  m i n u t e  
i n c u b a t i o n  w i t h  v a g i n a l  a n d  i n f u n d i b u l a r  m u c o s a  i n - v i t r o . 
V a l u e s  a r e  m e a n  ±  s . e . m .  o f  d a t a  o b t a i n e d  f r o m
5 e x p e r i m e n t s .
A c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  i n - v i v o  ( s e e  2 .  6 .  4 .  , 
2 .  3 .  1 .  2 .  5 .  f o r  p r o t o c o l )  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
b e t w e e n  c o n t r o l  s p e r m a t o z o a  a n d  s p e r m a t o z o a  p r e v i o u s l y  
i n c u b a t e d  w i t h  v a g i n a l  m u c o s a  ( P > 0 . 1 ) ,  w i t h
1 . 1  ± 0 .  4  c o n t r o l  s p e r m a t o z o a / 5 .  5 mm2 o f  o u t e r
p e r i v i t e l l i n e  l a y e r ,  c o m p a r e d  w i t h  1 . 1  ± 0 .  3 f o r  
s p e r m a t o z o a  p r e v i o u s l y  i n c u b a t e d  w i t h  v a g i n a l  m u c o s a  ( f r o m  
2 3  a n d  1 9  e g g s  r e s p e c t i v e l y ) .
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3. 6. Sperm -Egg I n t e r a c t i o n
3 .  6 .  1.  S r > e r m  S u r f a c e  C h a n g e s  O c c u r r i n g  P u r i n a  
T r a n s p o r t  T h r o u g h  t h e  O v i d u c t
S p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  a n d  
i n f u n d i b u l u m  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  ( s e e  
2 .  7 .  1.  ) s h o w e d  s i m i l a r  s t a i n i n g  t o  n o n - i n s e m i n a t e d  
c o n t r o l s  w h e n  e x p o s e d  t o  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
s e m i n a l  p l a s m a  p r o t e i n s  ( s e e  2 .  7 .  1 .  , 2 .  2 .  1 .  2 .  f o r  
p r o t o c o l ) ,  e x h i b i t i n g  i n t e n s e  u n i f o r m  s t a i n i n g  a l o n g  t h e i r  
e n t i r e  l e n g t h .  S t a i n i n g  i n t e n s i t i e s  v a r i e d  a m o n g  s a m p l e s  
d u e  t o  v a r y i n g  n u m b e r s  o f  s p e r m a t o z o a  a n d  t h e  p r e s e n c e  o f  
v a r i a b l e  a m o u n t s  o f  o v i d u c a l  t i s s u e ,  w h i c h  a l s o  s t a i n e d  t o  
a  l e s s e r  d e g r e e .
D i f f e r e n t i a l  s t a i n i n g  w a s  o b s e r v e d  o n  f i x e d  a n d  u n f i x e d  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  o v i d u c t  a n d  e x p o s e d  t o  
F I T C - c o n j u g a t e d  WGA ( F i g u r e  5 2 )  ( s e e  2 . 7 . 1 . ,  
2 .  2 .  1.  3 .  f o r  p r o t o c o l ) .  F i x e d  s p e r m a t o z o a  r e c o v e r e d  
f r o m  b o t h  o v i d u c a l  r e g i o n s  a n d  n o n - i n s e m i n a t e d  c o n t r o l s  
g e n e r a l l y  e x h i b i t e d  i n t e n s e  u n i f o r m  s t a i n i n g  a l o n g  t h e i r  
e n t i r e  l e n g t h .  H o w e v e r ,  6 4 . 5  ± 8 . 3 %  ( 5 7 6  s p e r m a t o z o a  
e x a m i n e d ,  f r o m  1 0  h e n s )  o f  u n f i x e d  s p e r m a t o z o a  r e c o v e r e d  
f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n ,  a n d  7 2 .  4  ± 9 .  3% 
( 1 7 1  s p e r m a t o z o a  e x a m i n e d ,  f r o m  9 h e n s )  o f  t h o s e  r e c o v e r e d  
f r o m  t h e  i n f u n d i b u l u m  ( F i g u r e  5 1 )  e x h i b i t e d  s p a r s e ,  p a t c h y  
s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h .  T h e s e  p e r c e n t a g e s  
w e r e  s i g n i f i c a n t l y  g r e a t e r  ( P < 0 . 0 1 )  t h a n  t h a t  f o r
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100
90
b Unfixed 
b Fixed
Control U.V.J. Infundibulum
S i t e  o f  R e c o v e r y
F i g u r e  5 1 .  R e d u c e d  W G A  s t a i n i n g  o f  f i x e d  
a n d  u n f i x e d  c h i c k e n  s p e r m a t o z o a  r e c o v e r e d  
f r o m  t h e  U . V . J .  a n d  I n f u n d i b u l u m  f o l l o w i n g  
m u l t i p l e  I .V .  i n s e m i n a t i o n . V a l u e s  a r e  
m e a n + / - s . e . m .  f r o m  a n  a v e r a g e  o f  7  h e n s  
p e r  o v i d u c a l  r e g i o n .
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n o n - i n s e m i n a t e d  c o n t r o l s  ( 9 . 3  ± 1 .  1% o f  1 3 0 0  s p e r m a t o z o a  
e x a m i n e d ) ,  b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  
( P > 0 .  1 ) .  A l l  u n f i x e d  c o n t r o l  s p e r m a t o z o a  r e a c t e d  w i t h  t h e  
l e c t i n ,  b u t  5 .  2 ± 6 . 8 %  o f  t h o s e  r e c o v e r e d  f r o m  t h e  
u t e r o v a g i n a l  j u n c t i o n ,  a n d  0 .  5 ± 2 . 6 %  o f  t h o s e  r e c o v e r e d  
f r o m  t h e  i n f u n d i b u l u m  f a i l e d  t o  d o  s o .  T h e  p e r c e n t a g e s  o f  
u n f i x e d  s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e  1 o r  
5 h o u r s  f o l l o w i n g  i n s e m i n a t i o n  e x h i b i t i n g  r e d u c e d  s t a i n i n g  
w i t h  F I T C  c o n j u g a t e d  WGA ( s e e  2 .  7 .  2 .  , 2 .  2 .  1.  3 .  ) d i d  n o t
d i f f e r  s i g n i f i c a n t l y  f r o m  e a c h  o t h e r  o r  f r o m  t h e i r  
r e s p e c t i v e  c o n t r o l s  ( P > 0 .  1 )  ( T a b l e  1 4 ) .
Time of Recovery 
following insemination
No. hens used No. sperm examined % sperm with 
reduced staining
1 hr (control) - 1000 12. 6±0. 7
1 hr 4 907 14. 2±1. 8
5 hr (control) - 1000 15. 1±1. 0
5 hr 3 457 11. 4±2. 1
T a b l e  1 4 .  S t a i n i n g  o f  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  
c h i c k e n  v a g i n a  1 o r  5 h o u r s  f o l l o w i n g  i n t r a v a g i n a l  
i n s e m i n a t i o n ,  o r  n o n - i n s e m i n a t e d  c o n t r o l  s p e r m a t o z o a  w i t h  
F I T C - c o n j u g a t e d  WGA. V a l u e s  a r e  m e a n  ± s .  e .  m. .
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Figure 52. Photomicrographs of a typical unfixed spermatozoon recovered from the 
infundibulum prior to ovulation and 48 hours following intravaginal 
insemination(a,b), and non-inseminated control spermatozoa(c,d), stained with FITC 
conjugated WGA. Photographs were taken using phase contrast(a,c) and 
epifluorescence(b, d) microscopy. X400.
2 0 9
3 .  6 .  2 . E f f e c t  o f  O v a r i a n  P o c k e t  F l u i d  a n d  I n n e r
P e r i v i t e l l i n e  L a v e r  o n  t h e  S p e r m  S u r f a c e  a n d  
L i v e / D e a d  S t a t u s  I n - V i t r o
O v a r i a n  p o c k e t  f l u i d  ( O P F )  e l i c i t e d  a  d e f i n i t e  c h a n g e  i n  
s p e r m  s u r f a c e  a n t i g e n i c i t y  ( s e e  2 .  7 .  3 .  1.  , 2 .  7 .  3 .  2 .  ,
2 .  2 .  1.  2 .  f o r  p r o t o c o l ) .  S p e r m a t o z o a  e x p o s e d  t o  O P F  
( 2 8 0 0  s p e r m a t o z o a  e x a m i n e d  f r o m  5 e x p e r i m e n t s , u s i n g  
1 4  d i f f e r e n t  O P F s ) e x h i b i t e d  g r e a t e r  v a r i a b i l i t y  i n  
s t a i n i n g  a f t e r  e x p o s u r e  t o  a n t i s e r u m  r a i s e d  a g a i n s t  
c h i c k e n  s e m i n a l  p l a s m a  p r o t e i n s ,  t h a n  o b s e r v e d  o n  c o n t r o l  
s p e r m a t o z o a ,  w h i c h  g e n e r a l l y  e x h i b i t e d  i n t e n s e  u n i f o r m  
s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h  ( 1 6 0 0  s p e r m a t o z o a  
e x a m i n e d ,  f r o m  5 e x p e r i m e n t s ) .  S t a i n i n g  i n t e n s i t y  w a s  
g e n e r a l l y  e n h a n c e d ,  p a r t i c u l a r l y  a t  t h e  h e a d  a n d  m i d p i e c e  
r e g i o n s  ( F i g u r e  5 3  ( 3 0  s e c o n d  e x p o s u r e  f o r  e p i f l u o r e s c e n c e  
p h o t o g r a p h s ) ) .
S p e r m a t o z o a  e x p o s e d  t o  O P F  ( 1 0 0 0  s p e r m a t o z o a  e x a m i n e d ,  
f r o m  3 e x p e r i m e n t s ,  u s i n g  5 O P F s )  e x h i b i t e d  s i m i l a r  
s t a i n i n g  t o  c o n t r o l  s p e r m a t o z o a  ( 8 0 0  s p e r m a t o z o a  e x a m i n e d ,  
f r o m  3 e x p e r i m e n t s )  a f t e r  e x p o s u r e  t o  F I T C  c o n j u g a t e d  WGA 
( s e e  2 .  7 .  3 .  2 .  , 2 .  2 .  1.  3 .  f o r  p r o t o c o l ) ,  w i t h  i n t e n s e
u n i f o r m  s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h  a n d  > 8 0 %  o f  
s p e r m a t o z o a  a g g l u t i n a t e d .
S p e r m a t o z o a  i n c u b a t e d  w i t h  c h i c k e n  i n n e r  p e r i v i t e l l i n e  
l a y e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  O P F  e x h i b i t e d  s i m i l a r  
i m m u n o f l u o r e s c e n t  a n d  l e c t i n  s t a i n i n g  ( s e e  2 .  7 .  3 .  1 .  ,
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Figure 53. Photomicrographs of spermatozoa exposed to ovarian pocket fluid diluted 
1:1 with M .E.M . for 60 minutes (a,b), and control spermatozoa (c,d), stained with 
rabbit antiserum raised against ejaculated chicken seminal plasma proteins, and FITC 
conjugated goat antirabbit IgG. Photographs were taken using phase contrast(a,c) and 
epifluorescence(b, d) microscopy. X400.
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2 .  7 .  3 .  2 .  , 2 .  2 .  1.  2 .  , 2 .  2 .  1.  3 .  f o r  p r o t o c o l s )
( 1 8 0 0  s p e r m a t o z o a  e x a m i n e d  f o r  e a c h  s t a i n ,  f r o m
9 e x p e r i m e n t s )  t o  t h a t  o b s e r v e d  i n  t h e  a b s e n c e  o f  i n n e r  
p e r i  v i t e l l i n e  l a y e r .
S p e r m a t o z o a  i n c u b a t e d  w i t h  t h e  a n i m a l  p o l e  o f  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  O P F
( 6 0 0  s p e r m a t o z o a  e x a m i n e d  f o r  e a c h  s t a i n ,  f r o m
3 e x p e r i m e n t s )  e x h i b i t e d  s i m i l a r  i m m u n o f l u o r e s c e n t  a n d
l e c t i n  s t a i n i n g  i n t e n s i t i e s  t o  s p e r m a t o z o a  e x p o s e d  t o  t h e  
v e g e t a l  p o l e .  T h i s  w a s  a l s o  t h e  c a s e  f o r  s p e r m a t o z o a  
i n c u b a t e d  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  e a r l y  a n d  
i n t e r m e d i a t e  f o l l i c u l a r  e g g s  ( 6 0 0  s p e r m a t o z o a  e x a m i n e d  f o r  
e a c h  s t a i n ,  f r o m  3 e x p e r i m e n t s ) ,  a n d  s p e r m a t o z o a  i n c u b a t e d  
w i t h  w h o l e  p e r i v i t e l l i n e  l a y e r  f r o m  l a i d  e g g s
( 8 0 0  s p e r m a t o z o a  e x a m i n e d  f o r  e a c h  s t a i n ,  f r o m
4 e x p e r i m e n t s ) .
T h e  p e r c e n t a g e  o f  s p e r m a t o z o a  e x c l u d i n g  e o s i n  a f t e r  a  
3 0  m i n u t e  e x p o s u r e  t o  O P F  d i l u t e d  1 : 1  w i t h  M. E .  M. a t
4 0  °C ( s e e  2 .  8 .  1.  , 2 .  3 .  1 .  2 .  3 .  f o r  p r o t o c o l ) ,  d i d  n o t
d i f f e r  s i g n i f i c a n t l y  f r o m  c o n t r o l  s p e r m a t o z o a  ( P > 0 . 1 )  
( T a b l e  1 5 ) .  H o w e v e r ,  s p e r m a t o z o a  e x p o s e d  t o  O P F  w e r e  
s i g n i f i c a n t l y  l e s s  m o t i l e  ( s e e  2 .  8 .  1.  , 2 .  3 .  1.  2 .  1.  f o r
p r o t o c o l )  a f t e r  a  1 0  m i n u t e  i n c u b a t i o n  a t  4 0  °C t h a n  
c o n t r o l  s p e r m a t o z o a  ( P < 0 . 0 0 1 ) .
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Incubat i on Motility (%[ 0D]m) % Sperm excluding eosin
sperm (control) 59. 4±0. 9 94. 2±3. 0
sperm + OPF 20. 6±3. 6 94. 1±1. 5
sperm + Inner P. L. 55. 1±2. 3 93. 4±1. 8
sperm + Inner P. L. 
+ OPF
13. 3±2. 9 94. 3±2. 1
T a b l e  1 5 .  E f f e c t  o f  O P F  a n d  i n n e r  p e r i v i t e l l i n e  l a y e r  o n  
s p e r m  m o t i l i t y  a n d  l i v e / d e a d  s t a t u s .  V a l u e s  a r e  m e a n  
± s . e . m .  o f  d a t a  o b t a i n e d  a f t e r  a  3 0  m i n u t e  i n c u b a t i o n  a t  
4 0  °C i n  t h e  a b s e n c e  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  o r  
5 m i n u t e s  a f t e r  a d d i t i o n  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  
( e o s i n  e x c l u s i o n ) , o r  1 0  m i n u t e s  f o l l o w i n g  t h e  a d d i t i o n  o f  
i n n e r  p e r i v i t e l l i n e  l a y e r  ( m o t i l i t y ) .  A t o t a l  o f  
1 2 0 0  s p e r m a t o z o a  p e r  i n c u b a t i o n  w e r e  a s s e s s e d  f o r  e o s i n  
e x c l u s i o n .
T h e  p e r c e n t a g e  o f  s p e r m a t o z o a  e x c l u d i n g  e o s i n  a f t e r  a  
p r o l o n g e d  1 2 0  m i n u t e  e x p o s u r e  t o  O P F  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f r o m  c o n t r o l  s p e r m a t o z o a  o r  f r o m  t h e i r  
r e s p e c t i v e  p e r c e n t a g e s  a f t e r  3 0  m i n u t e s  i n c u b a t i o n  ( P > 0 .  1 )  
( T a b l e  1 6 ) .
I n c u b a t i o n s  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  p r o d u c e d  s i m i l a r  r e s u l t s .  T h e
p e r c e n t a g e s  o f  s p e r m a t o z o a  e x c l u d i n g  e o s i n  f o l l o w i n g  a  
5 m i n u t e  i n c u b a t i o n  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  O P F  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  e a c h  o t h e r ,  f r o m  t h e i r  
r e s p e c t i v e  v a l u e s  a f t e r  a  p r o l o n g e d  9 0  m i n u t e  i n c u b a t i o n ,  
o r  f r o m  t h e i r  r e s p e c t i v e  v a l u e s  i n  t h e  a b s e n c e  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  ( P > 0 . 1 ) .
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T h e  m o t i l i t y  o f  s p e r m a t o z o a  i n c u b a t e d  w i t h  O P F  w a s  
s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  c o n t r o l  s p e r m a t o z o a  
( P < 0 . 0 0 1 ) .  U s i n g  l i g h t  m i c r o s c o p y ,  a  r e d u c t i o n  i n  s p e r m  
m o t i l i t y  w a s  o b s e r v e d  a l m o s t  i m m e d i a t e l y  a f t e r  a d d i t i o n  t o  
m e d i u m  c o n t a i n i n g  O P F ,  w h e r e a s  s p e r m a t o z o a  i n c u b a t e d  i n  
t h e  a b s e n c e  o f  O P F  m a i n t a i n e d  v i g o r o u s  m o t i l i t y .  H o w e v e r ,  
m o t i l i t y  v a l u e s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  t h o s e  
o b t a i n e d  i n  t h e  a b s e n c e  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  
( P > 0 .  1 ) .
Time of
incubation (min)
spermato2oa
(control)
spermatozoa 
+ OPF
spermatozoa 
+ inner P. L.
spermatozoa 
+ OPF + inner P. L.
5 - - 93. 4±1. 5 94. 3±1. 8
30 94. 2±3. 1 94.Oil.7 - -
90 - - 91. 3±2. 4 91. 9±1. 9
120 91. 0±2. 6 92. 5±0.8 - -
T a b l e  1 6 .  E f f e c t  o f  O P F  a n d  i n n e r  p e r i v i t e l l i n e  l a y e r  o n  
s p e r m  l i v e / d e a d  s t a t u s  i n - v i t r o . V a l u e s  a r e  m e a n  ± s .  e .  m. 
p e r c e n t a g e s  o f  s p e r m a t o z o a  e x c l u d i n g  e o s i n  d u r i n g  a  
1 2 0  m i n u t e  i n c u b a t i o n  a t  4 0  °C i n  t h e  p r e s e n c e  o r  a b s e n c e  
o f  O P F ,  o r  a  9 0  m i n u t e  i n c u b a t i o n  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  i n n e r  p e r i v i t e l l i n e  l a y e r ,  s u b s e q u e n t  t o  a  
3 0  m i n u t e  i n c u b a t i o n  i n  t h e  a b s e n c e  o f  i n n e r  p e r i v i t e l l i n e  
l a y e r .  D a t a  w e r e  o b t a i n e d  f r o m  4 e x p e r i m e n t s .
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3 .  6 .  3 .  I n t e r a c t i o n ______ Q f ______ S p e r m a t o z o a ______ w i t h ______ t h e
P e r i v i t e l l i n e  L a v e r  o f  t h e  E g g  I n - V i t r o
I n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  
f r o m  n e w l y  o v u l a t e d  e g g s  ( s e e  2 .  8 .  1.  f o r  p r o t o c o l )  
r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  d a r k  c i r c u l a r  a r e a s  a g a i n s t  
t h e  o t h e r w i s e  b r i g h t l y  f l u o r e s c i n g  m e m b r a n e  a f t e r  s t a i n i n g  
w i t h  F I T C  c o n j u g a t e d  WGA ( F i g u r e  5 4 ) .  P h a s e  c o n t r a s t  
m i c r o s c o p y  s h o w e d  t h a t  m a n y  o f  t h e s e  a r e a s  c o m p r i s e d  h o l e s  
p e n e t r a t i n g  b o t h  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  a n d  p l a s m a  
m e m b r a n e ,  a n d  s p e r m  h e a d s ,  i n  m a n y  c a s e s  a p p a r e n t l y  
l a c k i n g  a c r o s o m a l  c a p s  w e r e  o f t e n  o b s e r v e d  i n  a s s o c i a t i o n  
w i t h  t h e m .  I n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  n e w l y  o v u l a t e d  
e g g s ,  i n c u b a t e d  i n  t h e  a b s e n c e  o f  s p e r m a t o z o a ,  s h o w e d  n o  
s u c h  h o l e s ,  w h i c h  w e r e  p r e s u m e d  t o  b e  a r e a s  o f  h y d r o l y s i s  
p r o d u c e d  b y  s p e r m  a c r o s o m e  r e a c t i o n s ,  a s  d e s c r i b e d  b y  
K o y a n a g i  e t  a l . ( 1 9 8 8 ) ,  u s i n g  p h a s e  c o n t r a s t  m i c r o s c o p y .
I n c u b a t i o n  o f  s p e r m a t o z o a  e x p o s e d  t o  O P F  w i t h  i n n e r  
p e r i v i t e l l i n e  l a y e r  r e s u l t e d  i n  a  s i g n i f i c a n t l y  l o w e r  
c o n c e n t r a t i o n  o f  p o i n t s  o f  h y d r o l y s i s  o n  t h e  m e m b r a n e  t h a n  
w a s  p r o d u c e d  i n  t h e  a b s e n c e  o f  O P F  ( P < 0 . 0 0 1 )  ( T a b l e  1 7 ) .  
S i m i l a r l y ,  t h e  c o n c e n t r a t i o n  o f  p o i n t s  o f  h y d r o l y s i s  
p r o d u c e d  o n  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  n e w l y  o v u l a t e d  
e g g s  w a s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  p r o d u c e d  o n  w h o l e  
p e r i v i t e l l i n e  l a y e r  f r o m  l a i d  e g g s  ( P < 0 .  0 0 1 ) .  H o w e v e r ,  
r e s u l t s  o b t a i n e d  f r o m  t h e  i n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  
i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  e a r l y  f o l l i c u l a r  o o c y t e s  
a n d  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  t h e  a n i m a l  p o l e  o f
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Figure 54. Photomicrographs of inner perivitelline layer from newly ovulated chicken 
eggs following incubation with chicken spermatozoa in-vitrofa.b .c.dl. stained with 
FITC conjugated WGA and showing sites of acrosome reactions. Also shown is 
control inner perivitelline layer not incubated with spermatozoa(e). Photographs were 
taken using phase contrast(a,c) and epifluorescence(b,d,e) microscopy.X400(a,b,e); 
X1000(c,d).
2 1 6
n e w l y  o v u l a t e d  e g g s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  f r o m  
t h o s e  o b t a i n e d  u s i n g  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  t h e  
v e g e t a l  p o l e  o f  n e w l y  o v u l a t e d  e g g s  ( P > 0 . 1 ) .
Perivi tel 1ine Layer ± OPF No. points of 
hydrolysis/f ield
No. membranes 
examined
Inner (vegetal pole) - 85. 0±3. 3 16
Inner (vegetal pole) + 5. 2±1. 2 5
Inner (animal pole) - 86. 0±4.2 3
Inner (early fol 1 icular) - 80. 9±0. 7 3
Inner (intermediate follicular) - 76. 9±2. 5 3
Whole - 6. 6±1. 1 6
T a b l e  1 7 .  I n t e r a c t i o n  o f  c h i c k e n  s p e r m a t o z o a  w i t h  
p e r i  v i t e l l i n e  l a y e r .  V a l u e s  a r e  m e a n  ± s .  e .  m. n u m b e r  o f  
p o i n t s  o f  h y d r o l y s i s  p e r  w h o l e  m i c r o s c o p i c  f i e l d  a t  X 4 0 0  
m a g n i f i c a t i o n .  T w e n t y  f i e l d s  w e r e  a s s e s s e d  p e r  m e m b r a n e .
C h i c k e n ,  t u r k e y ,  g u i n e a  f o w l  a n d  d u c k  s p e r m a t o z o a  
i n t e r a c t e d  w i t h  h e t e r o l o g o u s  i n n e r  p e r i v i t e l l i n e  l a y e r  
( s e e  2 .  8 .  2 .  2 .  , 2 .  8 .  1 .  f o r  p r o t o c o l ) .  H o w e v e r ,  b o t h  
c h i c k e n  a n d  g u i n e a  f o w l  s p e r m a t o z o a  d e m o n s t r a t e d  a  g r e a t e r  
i n t e r a c t i o n  w i t h  h o m o l o g o u s  t h a n  h e t e r o l o g o u s  i n n e r  
p e r i v i t e l l i n e  l a y e r  ( T a b l e  1 8 ) .  C h i c k e n  s p e r m a t o z o a  
p r o d u c e d  a  g r e a t e r  c o n c e n t r a t i o n  o f  p o i n t s  o f  h y d r o l y s i s  
o n  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  t h a n  a n y  o f  t h e  o t h e r  
s p e r m a t o z o a  u s e d ,  a n d  c o n s i d e r a b l y  o u t p e r f o r m e d  g u i n e a  
f o w l  s p e r m a t o z o a  o n  g u i n e a  f o w l  i n n e r  p e r i v i t e l l i n e  l a y e r .
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Spermatozoa Inner perivitel1ine 
layer
No. points of 
hydro 1ysls/field
No. membranes 
examined
chicken chicken 91.4 2
chicken guinea fowl 60. 7 2
guinea fowl guinea fowl 3. 2 2
guinea fowl ch i cken 0. 6 2
duck chicken 0. 2 2
duck guinea fowl 0.2 2
turkey chicken 44. 9±10. 6 7
T a b l e  1 8 .  I n t e r a c t i o n  o f  c h i c k e n ,  g u i n e a  f o w l ,  d u c k  a n d  
t u r k e y  s p e r m a t o z o a  w i t h  c h i c k e n  a n d  g u i n e a  f o w l  i n n e r  
p e r i v i t e l l i n e  l a y e r  i n - v i t r o . V a l u e s  a r e  t h e  m e a n  n u m b e r  
o f  p o i n t s  o f  h y d r o l y s i s  p e r  w h o l e  m i c r o s c o p i c  f i e l d  a t  
X 4 0 0  m a g n i f i c a t i o n .  T w e n t y  f i e l d s  w e r e  a s s e s s e d  p e r  
m e m b r a n e .
T h e  c o n c e n t r a t i o n s  o f  p o i n t s  o f  h y d r o l y s i s  p r o d u c e d  o n  
c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  b y  c h i c k e n  o r  t u r k e y  
s p e r m a t o z o a  f o l l o w i n g  a b s o r p t i o n  w i t h  s o n i c a t e d  
p r e p a r a t i o n s  o f  c h i c k e n  i n n e r  o r  w h o l e  p e r i v i t e l l i n e  l a y e r  
( s e e  2 .  8 .  2 .  3 .  , 2 . 8 . 1 .  f o r  p r o t o c o l )  w e r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  e a c h  o t h e r  ( P > 0 . 1 )  ( T a b l e  1 9 ) ,  b u t  d i f f e r e d  
s i g n i f i c a n t l y  f r o m  t h e  c o n c e n t r a t i o n s  p r o d u c e d  i n  t h e  
a b s e n c e  o f  t h e  a b s o r p t i o n  s t e p  ( P < 0 .  0 0 1 ) .  C h i c k e n  
s p e r m a t o z o a  i n c u b a t e d  w i t h  c h i c k e n  i n n e r  p e r i v i t e l l i n e  
l a y e r  a f t e r  a b s o r p t i o n  w i t h  s o n i c a t e d  w h o l e  c h i c k e n  
p e r i v i t e l l i n e  l a y e r  p r o d u c e d  a  c o n c e n t r a t i o n  o f  p o i n t s  o f  
h y d r o l y s i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  o b t a i n e d  
f o l l o w i n g  a b s o r p t i o n  w i t h  s o n i c a t e d  w h o l e  p e r i v i t e l l i n e
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l a y e r  f r o m  l a i d  t u r k e y  e g g s  ( P > 0 .  1 ) ,  b u t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  t h a t  o b t a i n e d  f o l l o w i n g  a b s o r p t i o n  w i t h  
s o n i c a t e d  w h o l e  p e r i v i t e l l i n e  l a y e r  f r o m  l a i d  q u a i l  e g g s  
( P < 0 .  0 2 )  ( T a b l e  1 9 )  ( s e e  2 .  8 .  2 .  4 .  , 2 . 8 . 1 .  f o r  p r o t o c o l ) .
T h e  p r o t e i n  c o n c e n t r a t i o n s  o f  s o n i c a t e d  c h i c k e n  i n n e r  
p e r i v i t e l l i n e  l a y e r  a n d  c h i c k e n ,  t u r k e y  a n d  q u a i l
w h o l e  p e r i v i t e l l i n e  l a y e r  p r e p a r a t i o n s  w e r e  6 .  4 ,
7 .  3 ,  7 .  7 a n d  6 .  9 m g / m l  r e s p e c t i v e l y ,  a s  d e t e r m i n e d  
s p e c t r o p h o t o m e t r i c a l l y  a t  2 8 0 n m  ( s e e  2 .  8 .  2 .  3 .  f o r
p r o t o c o l ) .  S p e r m a t o z o a  r e m a i n e d  v i g o r o u s l y  m o t i l e
f o l l o w i n g  a b s o r p t i o n  w i t h  s o n i c a t e d  p r e p a r a t i o n s ,  a s  
d e t e r m i n e d  m i c r o s c o p i c a l l y .
Spermatozoa Sonicated
perivitel1ine layer
No. points of 
hydrolysis/field
No. membranes 
examined
chicken - 85. 0±3.3 16
chicken chicken inner 3. 1±1. 3 4
turkey - 44. 9±10.6 7
turkey chicken inner 1. 9±0. 6 3
chi cken chicken whole 3. 6±1. 0 7
turkey chicken whole 1. 4±0. 8 3
chicken turkey whole 3. 2±1. 3 3
ch i cken quail whole 22. 7±9.4 3
T a b l e  1 9 .  I n t e r a c t i o n  o f  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  
w i t h  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  i n - v i t r o  f o l l o w i n g  
a b s o r p t i o n  w i t h  s o n i c a t e d  p e r i v i t e l l i n e  l a y e r  
p r e p a r a t i o n s .  V a l u e s  a r e  t h e  m e a n  ± s .  e .  m. n u m b e r  o f  
p o i n t s  o f  h y d r o l y s i s  p e r  w h o l e  m i c r o s c o p i c  f i e l d  a t  X 4 0 0  
m a g n i f i c a t i o n .  T w e n t y  f i e l d s  w e r e  a s s e s s e d  p e r  m e m b r a n e .
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3 .  6 .  3 .  1.  E l e c t r o p h o r e t i c  P r o f i l e s  o f  C h i c k e n  I n n e r  
P e r i v i t e l l i n e  L a v e r  a n d  C h i c k e n .  Q u a i l  a n d  
T u r k e y  W h o l e  P e r i v i t e l l i n e  L a v e r .  f o l l o w i n g  
I n c u b a t i o n  w i t h  C h i c k e n  S p e r m a t o z o a  I n - V i t r o
T h e  e l e c t r o p h o r e t i c  p r o f i l e  o f  s o n i c a t e d  c h i c k e n  i n n e r  
p e r i  v i t e l l i n e  l a y e r  ( s e e  2 .  8 .  2 .  4 .  , 2 .  2 .  2 .  2 .  f o r  p r o t o c o l )
c o n t a i n e d  a p p r o x i m a t e l y  2 0  p r o t e i n  b a n d s ,  r a n g i n g  i n  
m o l e c u l a r  w e i g h t  f r o m  1 0  k d  t o  > 2 0 0  k d .  P r o m i n e n t  b a n d s  
w e r e  o b s e r v e d  a t  4 4 ,  6 6 ,  1 8 0  a n d  > 2 0 0  k d  ( F i g u r e  5 5
( n e g a t i v e  p h o t o g r a p h i c  i m a g e ) ) .  F o l l o w i n g  a b s o r p t i o n  w i t h  
c h i c k e n  s p e r m a t o z o a  ( s e e  2 . 8 . 2 . 4  f o r  p r o t o c o l )  n o  p r o t e i n  
b a n d s  w e r e  o b s e r v e d  a t  4 4  o r  1 8 0  k d ,  a n d  t h e  b a n d  a t  
> 2 0 0  k d  e x h i b i t e d  c o n s i d e r a b l y  r e d u c e d  s t a i n i n g  i n t e n s i t y .  
O t h e r  h i g h  m o l e c u l a r  w e i g h t  p r o t e i n s  a n d  a  w e a k l y  s t a i n e d  
b a n d  a t  1 5 0  k d  a l s o  e x h i b i t e d  r e d u c e d  s t a i n i n g  
i n t e n s i t i e s ,  b u t  t h e  p r o m i n e n t  b a n d  a t  6 6  k d  a p p e a r e d  
r e l a t i v e l y  u n a f f e c t e d  b y  a b s o r p t i o n .
T h e  e l e c t r o p h o r e t i c  p r o f i l e  o f  s o n i c a t e d  c h i c k e n  w h o l e  
p e r i v i t e l l i n e  l a y e r  c o n t a i n e d  a p p r o x i m a t e l y  2 5  p r o t e i n  
b a n d s ,  r a n g i n g  i n  m o l e c u l a r  w e i g h t  f r o m  1 0  k d  t o  > 2 0 0  k d  
( F i g u r e  5 6 ) .  S t r o n g l y  s t a i n e d  b a n d s  a t  1 3 ,  4 4  a n d  8 0  k d
a p p e a r e d  r e l a t i v e l y  u n c h a n g e d  i n  t h e  a b s o r b e d  p r o f i l e .  
H o w e v e r ,  t h e  b a n d  a t  > 2 0 0  k d  e x h i b i t e d  a  c o n s i d e r a b l y  
r e d u c e d  s t a i n i n g  i n t e n s i t y ,  w i t h  t h e  b a n d  a t  1 8 0  k d  
a b s e n t  f r o m  t h e  a b s o r b e d  p r o f i l e .  O t h e r  b a n d s  a t  1 6  a n d  
4 8  k d  a n d  a l l  h i g h  m o l e c u l a r  w e i g h t  b a n d s  s h o w e d  a  d e g r e e
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o f  r e d u c t i o n  i n  s t a i n i n g  i n t e n s i t y  o n  t h e  a b s o r b e d  
p r o f i l e .
T h e  e l e c t r o p h o r e t i c  p r o f i l e  o f  s o n i c a t e d  t u r k e y  w h o l e  
p e r i v i t e l l i n e  l a y e r  a p p e a r e d  s i m i l a r  t o  t h a t  o f  t h e  
c h i c k e n .  D i f f e r e n c e s  i n c l u d e d  t h e  p r e s e n c e  o f  a n  e x t r a  
b a n d  a t  7 5  k d  i n  t h e  t u r k e y  p r o f i l e ,  t h e  s l i g h t l y  l o w e r  
m o l e c u l a r  w e i g h t  ( 1 5 . 5  k d )  o f  a  p r o t e i n  a p p a r e n t l y  
e q u i v a l e n t  t o  t h e  1 6  k d  p r o t e i n  o n  t h e  c h i c k e n  p r o f i l e ,  
a n d  s l i g h t  d i f f e r e n c e s  i n  b a n d i n g  p a t t e r n  a n d  m o l e c u l a r  
w e i g h t s  o f  h i g h  m o l e c u l a r  w e i g h t  p r o t e i n s  ( F i g u r e  5 6 ) .  
T h e  t u r k e y  p r o f i l e  c o n t a i n e d  a p p r o x i m a t e l y  2 0  p r o t e i n  
b a n d s  w i t h  a  s i m i l a r  m o l e c u l a r  w e i g h t  r a n g e  t o  t h a t  o f  
c h i c k e n .  B a n d s  a t  1 3 ,  1 5 .  5 ,  7 0 ,  7 5  a n d  8 0  k d  a p p e a r e d
r e l a t i v e l y  u n c h a n g e d  i n  t h e  a b s o r b e d  p r o f i l e .  H o w e v e r ,  
t h e  b a n d s  a t  4 8  a n d  6 6  k d  s h o w e d  a  s l i g h t  r e d u c t i o n  i n  
s t a i n i n g  i n t e n s i t y ,  w i t h  t h o s e  a t  4 4  a n d  5 0  k d  
c o n s i d e r a b l y  w e a k e r .  S e v e r a l  h i g h  m o l e c u l a r  w e i g h t  b a n d s  
w e r e  a b s e n t  f r o m  t h e  a b s o r b e d  p r o f i l e .
T h e  s o n i c a t e d  q u a i l  w h o l e  p e r i v i t e l l i n e  l a y e r  p r o f i l e  
d i f f e r e d  f r o m  t h a t  o f  c h i c k e n ,  w i t h  d i f f e r e n c e s  i n  b a n d i n g  
p a t t e r n  a n d  m o l e c u l a r  w e i g h t s  o f  h i g h  m o l e c u l a r  w e i g h t  
p r o t e i n s ,  a n d  a  c o n s i d e r a b l y  w e a k e r  1 6  k d  b a n d  i n  t h e  
q u a i l  p r o f i l e  ( F i g u r e  5 6 ) .  A p p r o x i m a t e l y  2 0  p r o t e i n  b a n d s  
w e r e  a p p a r e n t ,  w i t h  t h o s e  a t  1 3  a n d  4 8  k d  a p p e a r i n g  
r e l a t i v e l y  u n c h a n g e d  i n  t h e  a b s o r b e d  p r o f i l e .  H o w e v e r ,  
b a n d s  a t  6 6  a n d  8 0  k d  s h o w e d  a  s l i g h t  r e d u c t i o n  i n
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s t a i n i n g  i n t e n s i t y ,  a n d  a l l  b a n d s  a b o v e  8 0  k d  w e r e  a b s e n t  
f r o m  t h e  a b s o r b e d  p r o f i l e .
S t a i n i n g  i n t e n s i t i e s  o f  p r o t e i n  b a n d s  o n  e l e c t r o p h o r e t i c  
p r o f i l e s  o f  s o n i c a t e d  w h o l e  p e r i v i t e l l i n e  l a y e r  f r o m  t h e  
a n i m a l  a n d  v e g e t a l  p o l e s  o f  l a i d  c h i c k e n  e g g s  ( s e e  
2 .  8 .  2 .  1.  , 2 .  2 .  2 .  2 .  f o r  p r o t o c o l )  a p p e a r e d  s i m i l a r  ( n o t
s h o w n ) .
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Figure 55. Silver stained electrophoretic profiles of sonicated preparations of chicken 
inner perivitelline layer prior to (a) and following (Id) absorption with chicken 
spermatozoa.
kd
13-
a b c d e f
Figure 56. Silver stained electrophoretic profiles of sonicated preparations of chicken, 
turkey and quail whole perivitelline layer prior to (a,c,e respectively), and following 
(b,d,f respectively), absorption with chicken spermatozoa.
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3 .  7 . C o m p a r i s o n ___ o f ____S p .a rm ____S m E f a fifiB____ a n d  S e m i n a l
P l a s m a s  f r o m  D i f f e r e n t  A v i a n  S p e c i e s
3 .  7 .  1.  C r o s s - r e a c t i v i t y  o f  A n t i s e r u m  R a i s e d  A g a i n s t
C h i c k e n  S e m i n a l  P l a s m a  P r o t e i n s . ______ w i t h
H e t e r o l o g o u s  A v i a n  S p e r m a t o z o a
C h i c k e n  s p e r m a t o z o a  s t a i n e d  w i t h  a n t i s e r u m  r a i s e d  a g a i n s t  
c h i c k e n  s e m i n a l  p l a s m a  p r o t e i n s ,  a n d  F I T C - c o n j u g a t e d  g o a t  
a n t i r a b b i t  I g G  ( s e e  2 . 9 . 1 . ,  2 .  2 .  1 .  2 .  f o r  p r o t o c o l )
e x h i b i t e d  i n t e n s e  u n i f o r m  f l u o r e s c e n c e  a l o n g  t h e i r  e n t i r e  
l e n g t h  ( F i g u r e  5 7  ( 3 0  s e c o n d  e x p o s u r e  f o r  e p i f l u o r e s c e n c e  
p h o t o g r a p h s ) ) .  Q u a i l ,  p i g e o n  a n d  d u c k  s p e r m a t o z o a  a l s o  
e x h i b i t e d  u n i f o r m  s t a i n i n g  a l o n g  t h e i r  e n t i r e  l e n g t h ,  b u t  
o f  r e d u c e d  i n t e n s i t y ,  m o r e  s o  o n  d u c k  a n d  q u a i l  
s p e r m a t o z o a .  T u r k e y  s p e r m a t o z o a  ( s e e  F i g u r e  3 6 )  e x h i b i t e d  
l e s s  u n i f o r m  s t a i n i n g ,  m a i n l y  r e s t r i c t e d  t o  t h e  h e a d ,  
m i d p i e c e  a n d  a n t e r i o r  t o  m i d - f l a g e l l a r  r e g i o n s
( 1 2 0 0  s p e r m a t o z o a  w e r e  e x a m i n e d  f r o m  e a c h  s p e c i e s ,  f r o m  
3 e x p e r i m e n t s ) .
3 .  7 .  2 .  L e c t i n  S t a i n i n g  o f  S p e r m a t o z o a  f r o m  D i f f e r e n t
A v i a n  S p e c i e s
F I T C - c o n j u g a t e d  WGA p r o d u c e d  c o n s i d e r a b l y  m o r e  i n t e n s e  
s t a i n i n g  o n  c h i c k e n  s p e r m a t o z o a  t h a n  o n  s p e r m a t o z o a  f r o m  
a n y  o f  t h e  o t h e r  s p e c i e s  s t u d i e d  ( F i g u r e  5 8  ( 3 0  s e c o n d
e x p o s u r e  f o r  e p i f l u o r e s c e n c e  p h o t o g r a p h s ) ) .  U n f i x e d  a n d
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Figure 57. Photomicrographs of chicken(a,b), pigeon(c,d), quail(e,f) and duck(g,h) 
spermatozoa stained with rabbit antiserum raised against ejaculated chicken seminal 
plasma proteins, and FITC conjugated goat antirabbit IgG. Photographs were taken 
using phase contrast(a,c,e,g) and epifluorescence(b,d,f,h) microscopy.X400.
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fixed chicken spermatozoa typically exhibited uniform 
staining along their entire length (see 2. 9. 1. , 2. 2. 1. 3.
for protocol)/ and >80% were agglutinated. Sperm-sperm 
agglutination was mainly flagellar, and agglutinated 
spermatozoa generally exhibited more intense staining. 
Unfixed and fixed duck, turkey and pigeon spermatozoa also 
exhibited uniform staining along their entire length, 
although of lower intensity. For these 3 species, >50% of 
spermatozoa were agglutinated by the lectin, with
sperm-sperm agglutination being mainly flagellar, and 
agglutinated spermatozoa generally staining more 
intensely. Agglutinations, as for chicken spermatozoa, 
were of variable size, ranging from around 10 up to 
several hundred spermatozoa.
Unfixed and fixed quail spermatozoa (1200 spermatozoa 
examined, from 3 experiments) exhibited patchy staining 
along their entire length of considerably lower intensity 
than that observed on chicken spermatozoa, with
34. 2 ± 1. 1% of unfixed and 37. 3 ± 7. 3% of fixed
spermatozoa exhibiting more intense uniform staining of 
the head region. Some flagellar sperm-sperm agglutination 
(<10%) was evident (1200 non-agglutinated spermatozoa were 
examined from each species, from 3 experiments).
Unfixed and fixed chicken, turkey, pigeon and duck 
spermatozoa all showed similar staining intensities and 
distributions following exposure to FITC-conjugated ConA, 
exhibiting faint uniform fluorescence restricted to the
226
Figure 58. Photomicrographs of unfixed chicken(a,b), quail(c,d) and pigeon(e,f) 
spermatozoa stained with FITC conjugated WGA, taken using phase contrast^ ,c,e) 
and epifluorescence(b,d,f) microscopy.X400.
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head or head and midpiece regions (Figure 59 (30 second
exposure for epifluorescence photographs)). Fixed and 
unfixed quail spermatozoa were stained uniformly along 
their entire length, with the posterior head region 
slightly more intensely stained (Figure 59). None of the 
spermatozoa studied were agglutinated by the lectin 
(1200 spermatozoa were examined from each species, from 
3 experiments).
Unfixed and fixed quail spermatozoa were neither stained 
nor agglutinated by lectin from Solanum tuberosum. 
Unfixed and fixed chicken (Figure 59), turkey, duck and 
pigeon spermatozoa all showed similar staining, exhibiting 
variable patchy staining along their entire length. More 
than 50% of chicken, pigeon and turkey spermatozoa were 
agglutinated, whereas duck spermatozoa were not. 
Agglutination was flagellar, and was accompanied by 
enhanced staining (1200 spermatozoa were examined from 
each species, from 3 experiments).
Unfixed and fixed quail spermatozoa stained with 
FITC-conjugated lectin from Tetroqonolobus -purpureas 
exhibited variable patchy fluorescence along their entire 
length (Figure 59), with >30% agglutinated. Sperm-sperm 
agglutination was mainly flagellar, with agglutinated 
spermatozoa exhibiting more intense and uniform staining. 
Agglutinations were variable in size, but generally small, 
comprising less than 50 spermatozoa. Unfixed and fixed 
chicken, turkey, duck and pigeon spermatozoa were neither
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stained nor agglutinated by the lectin (1200 spermatozoa 
were examined from each species, from 3 experiments).
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Figure 59. Photomicrographs of unfixed chicken (a, b,c,d) and quail (e,f,g,h) 
spermatozoa stained with FITC conjugated lectin from Solanum tuberosumfa.bf. 
FITC conjugated Con A(c,d,e,f) and lectin from Tetrogonolobus purpureasfg .h f 
Photographs were taken using phase contrast^,c,e,g) and epifluorescence(b,d,f,h) 
microscopy. X400.
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3. 7. 3. Electrophoretic Analysis of Seminal Plasmas
from Different Avian Species
3. 7. 3. 1. Silver Stained Electrophoretic Profiles of 
Seminal Plasmas from Different Avian Species
Electrophoretic profiles of seminal plasmas (see 2. 9. 2. , 
2. 2. 2. 2. for protocol) displayed between 45 and 50 protein 
bands, with the majority of bands being found between 10 
and 100 kd (Figure 60). Species-specific banding patterns 
were observed, although bands were observed at 25, 35, 53,
58 and 66 kd in profiles from all species. Such bands 
were stained at varying intensities among species.
The dominant protein band in the chicken, turkey and duck 
profiles was at 66 kd, with another prominent band at 
80 kd (around 75 kd for duck). In the quail profile, the 
protein band at 21 kd was most intensely stained, with 
other prominent bands at 10. 5, 66 and 75 kd. There were
no intensely stained bands in the pigeon seminal plasma 
profiles.
3. 7. 3. 2. Immunologic ally Stained Blotted Seminal Plasma 
Proteins From Different Avian Species
Antiserum raised against chicken seminal plasma proteins 
cross-reacted with seminal plasma proteins from all 
species studied (Figure 61) (see 2.9.2., 2. 2. 2. 3. for
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species, with 12 bands observed on the turkey profile, 
compared with 11 bands observed in the homologous 
(chicken) profile. Intensity of staining was comparable 
for the 2 profiles. Fewer bands were observed on quail 
(6), duck (8) and pigeon (4) profiles, with pigeon seminal 
plasma proteins exhibiting weaker staining than observed 
for other species.
The most intensely stained band in profiles from all 
species was at 66 kd, with bands at 13. 5, 25, 43, 46 and
49 kd relatively intensely stained in chicken profiles 
(Figures 60, 61). This was also the case for bands at 43,
47, 58 and 60 kd on turkey; 12. 5, 22, 53 and 75 kd on
quail; and 23, 27 and 58 kd on duck profiles.
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Figure 60. Silver stained electrophoretic profiles of chicken(a), turkey(b). quail(c), 
duck(d) and pigeon(e) seminal plasma proteins.
kd
a b c d e
Figure 61. Western blot of chicken(a), turkey(b), quail(c), duck(d) and pigeon(e) 
seminal plasma proteins stained with rabbit antiserum raised against chicken 
ejaculated seminal plasma proteins, and HRP conjugated donkey antirabbit IgG.
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CHAPTER 4. DISCUSSION
4. DISCUSSION
4.1. Post-testicular Maturation
4. 1. 1. Seminal Plasma and Sperm Surface-Associated
Proteins
Clear changes occurred in the protein composition of 
chicken seminal plasma between the anterior ductus 
deferens and the ejaculate, involving their relative 
concentrations in seminal plasma profiles, and their 
carbohydrate and antigenic character (see 3. 1. 4. ).
The generally progressive reduction in staining intensity 
of the protein bands at 11, 13, 24, 25, 27, 39-40, 43 and
46 kd on electrophoretic profiles of seminal plasma from 
the anterior ductus deferens to the ejaculate, and the 
disappearance of protein bands at 12. 5, 15 and 22. 5 kd
from the ejaculated seminal plasma profile suggests 
selective reabsorption of proteins by the luminal 
epithelium of the ductus deferens and ampulla. Selective 
absorption of epididymal proteins by the avian ductus 
deferens has not previously been described. However, the 
occurrence of spermiophagy along the entire length of the 
male reproductive tract, and the selective and 
non-selective absorption of testicular fluid by the 
proximal efferent ductules have been reported (Tingari & 
Lake, 1972; Hess et_al. , 1982; Nakai et al. . 1989).
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S t u d i e s  c a r r i e d  o u t  i n  mammals h a ve  r e v e a l e d  s i m i l a r
spermiophagic and absorptive properties along the male 
reproductive tract (see Nakai et al. . 1989).
Protein bands at 21, 49, 51, 66, and 80 kd exhibited an
increase in staining intensity related to progression 
through the ductus deferens to the ejaculate (see 
3. 1. 4. 1. ), indicating protein secretion throughout the 
ductus deferens. Esponda and Bedford (1985) also observed 
increased staining intensity of some seminal plasma 
proteins between the epididymis and posterior ductus 
deferens. The appearance of protein band complexes at 120 
and 160 kd in ejaculated seminal plasma profiles may be 
due to secretion of new proteins and/or modification of 
existing seminal plasma proteins. Brooks and Tiver (1984) 
reported the accumulation of protein in rat epididymal
fluid, due to the loss of testis specific antigens from 
the sperm surface. However, in the present study, some 
protein bands exhibiting a progressive increase in
staining intensity between the anterior ductus deferens
and ejaculate did not appear to associate with the sperm 
surface. The few that did, exhibited similar staining 
intensities on electrophoretic profiles of proteins 
removed following 1.0M NaCl treatment of spermatozoa
recovered from the anterior and posterior ductus deferens 
(see 3. 1 4. 1. ), suggesting that protein loss from the
sperm surface related to progression through the ductus 
deferens was not generally occurring, : if protein loss
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from the sperm surface occurred during posterior 
progression through the ductus deferens, then it would he 
expected that proteins in the electrophoretic profile of 
washings obtained from treatment of spermatozoa from the 
posterior ductus deferens with 1. OM NaCl would exhibit 
reduced staining intensity.
Around 25 seminal plasma proteins appeared to associate 
with the chicken sperm surface (see 3. 1. 4. 1. ). These were 
washed from the sperm surface using buffer containing 
1. OM NaCl, and exhibited identical molecular weights to 
proteins in seminal plasma, thus indicating their seminal 
origin. These proteins also exhibited relative staining 
intensities on electrophoretic profiles which were in many 
cases considerably different from those observed for the 
same protein on seminal plasma profiles. This, and the 
observation that the intensely stained protein bands at 66 
and 80 kd in seminal plasma profiles were absent from the 
electrophoretic profiles of sperm surface washings, 
indicates a selective uptake of proteins from seminal 
plasma by the sperm surface.
It has previously been demonstrated in mammals that some 
epididymal proteins are only weakly associated with the 
sperm surface and can be leached off by repeated washing 
or eluted with high ionic strength media (Rifkin & Olson, 
1985; Brackett & Oliphant, 1975; Murphy & Carrol, 1987). 
However, others may insert into the plasma membrane or be 
anchored to the membrane by phosphatidylinositol and may
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not be removed by perturbation of electrostatic forces 
(see Jones, 1989). Thus the possibility exists that some 
proteins or glycoproteins secreted by the chicken 
epididymis and/or ductus deferens and interacting with the 
sperm plasma membrane might not be extractable with 
1. OM NaCl, and therefore not detected in this study.
The electrophoretic profiles of proteins obtained from 
anterior and posterior ductus deferens spermatozoa by 
1. OM NaCl treatment, appeared very similar (see Figure 6), 
indicating that sperm surface-associated proteins 
extractable by hypertonic buffer treatment of spermatozoa 
are already associated with the sperm surface at the 
anterior ductus deferens. However, progressive changes in 
the antigenicities of seminal plasma proteins were 
observed between the anterior ductus deferens and the 
ejaculate (see Figure 7), indicating a role for the ductus 
deferens in sperm surface modification, possibly by 
conformational change of proteins already associated with 
the sperm surface and/or addition of secreted antigenic 
components. Furthermore, the glycosylation of the 80 kd 
seminal plasma protein in the ductus deferens, and several 
proteins in the ampulla suggests differential enzymic 
roles for the ductus deferens fluid in these regions.
In this study, slightly differing protein band staining 
intensities were observed on silver stained 
electrophoretic profiles of sperm surface washings 
obtained by hypertonic buffer treatment of ductus deferens
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and ejaculated spermatozoa (see Figures 6, 15). It is
clear that seminal plasma and sperm surface modification 
continues in the ampulla, and it is possible that this is 
accompanied by changes in the relative affinities of some 
proteins for the sperm surface. However, some variability 
is evident between experiments, in banding patterns of 
sperm surface-associated proteins extracted under similar 
conditions (see Figures 6, 9), although these may be
partly explained by differences in experimental protocols 
used.
The absence of WGA-stained protein bands at 13, 13. 5, 14
and 15 kd from posterior ductus deferens and ejaculated 
seminal plasma profiles and reduction in staining
intensity of the band at 38 kd between the anterior ductus 
deferens and ejaculate (see 3. 1. 4. 2. ) may indicate 
deglycosylation in the ductus deferens, as has been
reported in the mammalian epididymis (Brooks & Tiver, 
1984). However, the lack of staining of bands at 13 and 
15 kd from posterior ductus deferens and ejaculated 
profiles could be due to their progressive disappearance 
from seminal plasma.
Although protein bands on sperm surface washings profiles 
were of coincidental molecular weight to proteins
appearing on seminal plasma profiles, they were generally 
absent from blotted profiles after immunological staining 
with antiserum raised against ejaculated seminal plasma 
proteins, suggesting antigenic modification as a result
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of their removal from the sperm surface, probably due to 
conformational change.
Some sperm surface associated proteins appeared to undergo 
complex processing within the epididymis and ductus 
deferens. For example, the protein band at 11 kd appeared 
in all 3 silver stained seminal plasma profiles and was 
more intensely stained in the anterior ductus deferens 
profile. However, this protein expressed antigenicity 
only on posterior ductus deferens and ejaculated seminal 
plasma profiles, and was absent from all 3 WGA-stained 
seminal plasma profiles. It was, however, present on the 
WGA stained sperm surface washings profile from the 
anterior ductus deferens only, suggesting that it is 
secreted as a protein and subsequently glycosylated after 
association with the sperm surface. Lack of glycosylation 
of the free protein in seminal plasma might suggest a 
different conformation on the sperm surface. The
glycoprotein appears to be subsequently deglycosylated in 
the ductus deferens. Toshimori et al. (1988) reported the 
masking of a mouse sperm surface-associated antigen with 
sialic acid in the distal caput epididymis, with 
subsequent desialylation in the cauda epididymis, 
resulting in antigenic expression. Toshimori et al.
(1991) have suggested that sialylation might protect 
spermatozoa from spermiophagy by macrophages and 
epithelial cells of the excurrent ducts. The lack of WGA 
staining of bands at 12. 5, 22 and 23 kd in seminal plasma
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profiles (see 3. 1. 4. 2. ) also suggests glycosylation of 
proteins after association with the sperm surface.
The presence of WGA-stained protein bands at 13, 13. 5, 14,
and 15 kd on the anterior ductus deferens seminal plasma 
profile may be indicative of glycoprotein secretion by the 
epididymal region, as has been reported for mammals 
However, it is possible that glycosylation of secreted 
proteins may have occurred in the epididymal lumen, as 
observed in the ductus deferens and ampulla (see 
3. 1. 4. 2. ).
Antisera raised against individual sperm surface- 
associated proteins were produced for use in charting the 
distributions of individual antigens on the sperm surface. 
However, although all antisera reacted with their 
homologous protein on Western blots of seminal plasma 
proteins separated by SDS-PAGE, they also cross-reacted 
with a number of other seminal plasma proteins, some of 
which also associated with the sperm surface (see 3.3.2. ), 
and therefore were not specific enough for the detection 
of individual antigens. The cross-reactivity observed may 
indicate the presence of shared epitopes on different 
seminal plasma proteins. It is also possible that the use 
of SDS-treated proteins to raise antisera resulted in the 
production of antisera with altered specificities.
Protein bands stained by individual antisera after 
SDS-PAGE and Western blotting were clearly not merely
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subunits of a single target protein, since some bands were 
stained by different antisera. Furthermore, the same 
4 antisera, recently used to stain blotted seminal plasma 
proteins separated by native PAGE, each reacted with at 
least 3 high molecular weight (>250 kd) proteins 
(W. Meldrum & M. G. Steele, unpublished results).
The protein band at 11. 5 kd in the electrophoretic profile 
of sperm surface washings from anterior ductus deferens 
spermatozoa was absent from the posterior ductus deferens 
profile, and that at 12. 5 kd showed reduced staining 
intensity (see 3. 1. 4. 1. ), indicating the loss of these 
proteins from, or alteration of their affinities for, the 
sperm surface. The reduction in staining intensities of 
these proteins in sperm surface washings profiles was 
accompanied by a reduction in staining intensities in 
seminal plasma profiles, and may indicate their removal 
from the sperm surface, protein destruction in-situ by 
proteolysis, or internalisation of proteins by 
spermatozoa, with subsequent autocatalytic degradation 
(see Jones, 1989), accompanied by reabsorption from 
seminal plasma, by the luminal epithelium of the ductus 
deferens.
Esponda and Bedford (1985) separated chicken ductus 
deferens seminal plasma proteins by isoelectric focussing 
and observed only one band on the electrophoretic profile 
after staining with FITC-conjugated ConA. On the basis of 
that result, the report by Bedford (1979) that there
242
appeared to be no difference in the pattern of lectin 
staining of chicken spermatozoa recovered from the testis 
and ductus deferens, and the observation that there 
appeared to be little difference in the pattern of lectin 
staining of testis and ductus deferens spermatozoa from 
three related species of snake (Esponda & Bedford, 1987), 
led Esponda and Bedford (1987) to postulate that 
epididymal proteins rather than glycoproteins associate
with the surface of subtherian vertebrate spermatozoa.
This is clearly not the case for chicken ejaculated
seminal plasma. A number of protein bands were stained 
with FITC-conjugated WGA, indicating that they are in fact 
glycoproteins. Furthermore, several sperm
surface-associated glycoproteins are present in seminal 
plasma and/or sperm surface washings e. q. 13. 5, 25 and
35 kd. Differences between results obtained in this study 
and that of Esponda and Bedford (1985) may have been due 
to the different lectins used, and different sources of 
seminal plasma.
It is clear that a great deal of glycosylation of proteins 
takes place in the ampulla of the ductus deferens (see 
3. 1. 4. 2. ; figure 7). Moreover, proteins on blotting 
membranes are more accessible to high molecular weight 
probes than in gels (Stott, 1988), and chicken sperm 
surface moeities are considerably more intensely stained 
with WGA than with ConA (See 3. 1. 3. figures 4, 5). Thus
incompletely glycosylated seminal plasma proteins reacting 
weakly with ConA may not have been visibly stained in the
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earlier study. Alternatively, it is possible that the 
isoelectric points of chicken seminal plasma glycoproteins 
are similar, thus appearing as a single band after 
isoelectric focussing.
In an attempt to identify epididymal proteins which 
associate with the chicken sperm surface, Morris et al. 
(1987) reported the isolation of 4 such proteins at 13, 20 
and 30-40 kd (2 bands). However, the immunoprecipitation 
technique used was dependent on protein antigenicity, and 
several of the sperm surface associated proteins 
identified in the present study, particularly those with 
low molecular weights, are either non-antigenic or exhibit 
very limited antigenicity (see 3. 1.4.2. ). Furthermore, in 
common with Esponda and Bedford (1985), Morris et al. 
(1987) used an antiserum raised against epididymal and 
ductus deferens seminal plasma proteins, which are 
generally less antigenic than their counterparts in 
ejaculated seminal plasma. Protein bands staining fairly 
intensely at 35 and 46 kd on sperm surface washings 
profiles could be the sperm surface associated proteins 
identified by Morris et al. (1987) at 30-40 kd, although 
the 35 kd protein appears only weakly antigenic (see 
3. 1. 4. 1. , 3. 1. 4. 2. ). Similarly, those identified at 11
and 25 kd could be the other 2 proteins described by 
Morris et al. (1987) at 13 and 20 kd.
Most sperm surface-associated proteins exhibited similar 
staining intensities in electrophoretic profiles of sperm
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surface washings obtained from the treatment of ejaculated 
spermatozoa with isotonic and subsequently hypertonic 
(1.0M NaCl) buffer (see 3.2. ), indicating a range of 
affinities for the sperm surface, for individual proteins. 
This suggests that protein association with the sperm 
surface may be non-specific and possibly occurs via a 
number of different binding sites on the proteins and/or 
sperm surface. Proteins at 25, 38, 43, 87 and 124 kd were 
stained more intensely in the 1. OM NaCl sperm surface 
washings profiles (see 3.2. ), indicating a stronger 
association with the sperm surface. Conversely, the 
proteins at 72 and 83 kd appeared to be very weakly bound.
Only seminal plasma components which could be found in the 
particulate fraction appeared to associate with the sperm 
surface (see 3. 1. 4. 1. , 3. 2. ). In many cases, these were
found in considerably higher relative concentrations in 
the particulate fraction than in the soluble fraction. 
Furthermore, the similarities between the seminal plasma 
particulate fraction and 0. 25M NaCl sperm surface washings 
profiles suggests that proteins which associate with the 
sperm surface may be derived from the particulate fraction 
of seminal plasma. If this is the case, then protein 
uptake from the particulate fraction may be selective, as 
differences were observed in the relative concentrations 
of some proteins in sperm surface washings and seminal 
plasma particulate fraction profiles (figure 8).
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The p a r t i c u l a t e  f r a c t i o n  o f  s e m in a l  p la sm a  c o n t a i n s  a h ig h
concentration of vesicles (G. J. Wishart, personal
communication). Cells ultrastructurally suited to a 
secretory function are found throughout the male 
reproductive tract of domestic birds (Tingari, 1972; Hess 
et al. . 1976; Bakst, 1980a). Low cuboidal cells, which
are believed to secrete proteins (Tingari, 1972) are 
restricted to the rete testis. Non-ciliated type II 
cells, which probably also secrete proteins, are found 
mainly in the ductus epididymidis and ductus deferens, 
whereas non-ciliated type I cells, which are believed to 
secrete non-proteinaceous material, are restricted to the 
ductuli efferentes and connecting ductules (Tingari,
1972). Cells of the ductuli efferentes (Bakst, 1980a; 
Hess et al. , 1976) and ductus epididymidis and ductus
deferens (Tingari, 1971; Hess et al. . 1976) exhibit 
' blebbing' into the ductule lumen, which may be indicative 
of apocrine secretion (Tingari, 1971; Hess et al. , 1976),
unlike the holocrine secretion reported for mammals (see 
Tingari, 1971). Furthermore, Hess et al. (1982) observed
membrane-bound electron dense cytoplasmic bodies forming 
cytoplasmic blebs which extended into the lumen of the 
ductuli efferentes. Thus it would appear that epididymal 
proteins may be secreted in vesicles and that proteins 
associated with vesicles subsequently associate with the 
sperm surface. It is possible that such vesicles 
disintegrate within the lumen of the excurrent duct 
system, releasing their contents, which subsequently
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associate with the 
protein of seminal
sperm surface. Certainly, most of 
plasma is in the soluble fraction.
the
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4. 1. 2. The Sperm S u r f a c e
Chicken spermatozoa exhibited clear changes in the pattern 
and intensity of staining with WGA and lectin from Solanum 
tuberosum during transport through the excurrent duct 
system (see 3. 1. 3. ).
Changes in lectin binding affinity occurred in the 
epididymal region between the testis and anterior ductus 
deferens, and comprised a general increase in staining 
intensity and uniformity for WGA and the appearance of 
carbohydrate groups recognised by lectin from Solanum 
tuberosum.
Lectins are a distinctive group of polyvalent proteins 
which bind to carbohydrate residues of specific structure 
and configuration (Goldstein & Hayes, 1978). They are 
classified according to their recognition of
monosaccharides located at the non-reducing end of 
carbohydrate chains (class I) e.a. ConA, lectin from 
Arachis hvpocrea: or carbohydrate sequences (class II)
e. q. WGA, lectin from Solanum tuberosum (Gallagher, 
1984). WGA recognises a number of different
oligosaccharide groups and sialic acids (see Appendix 1 
for lectin specificities), including N 1, N 11,
N 11 *-triacetylchitotriose [(GlcNAcBl-4)3]. Lectin from 
Solanum tuberosum also recognises the sequence 
specifically and confirmed its appearance on the sperm 
surface during transport through the epididymal region of
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the excurrent duct system. The agglutination and intense, 
uniform staining observed on ejaculated spermatozoa after 
exposure to lectin from Limulus Polyphemus (see 3. 4. 3. 1. ) 
indicates the predominance of sialic acid residues on the 
chicken sperm surface. Although no overall difference in 
the intensity or uniformity of WGA staining was apparent 
between ejaculated spermatozoa and spermatozoa recovered 
from the anterior ductus deferens, it is possible that 
subtle changes may have occurred, but were not detected 
against the high staining intensity.
Affinity of spermatozoa for ConA remained unchanged 
between the testis and ejaculate, indicating the 
acquisition of £Xl-D-glucose, £<-D-mannose and/or
N-acetyl-D-glucosamine residues during sperm transport 
through the excurrent duct system, in a similar 
distribution to those existing on the testicular sperm 
surface. In contrast to the distribution of binding sites 
for WGA and lectin from Solanum tuberosum along the whole 
sperm length, carbohydrate residues recognised by ConA 
exhibited regional distribution. Bakst and Howarth 
(1977a) reported staining over the entire length of 
chicken spermatozoa after exposure to HRP conjugated ConA. 
However, spermatozoa were examined at X79000 
magnification using electron microscopy, thus allowing a 
considerably greater degree of resolution than was 
possible in this study.
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Lectins from Arachis hvcogea and Ervthrina corrallodendron 
did not react with the surface of spermatozoa from the 
ejaculate, ductus deferens or testis, indicating a lack of 
B-D-Gal-(1-3)-D-GalNAc and B-D-Gal-(1-4)-D-GlcNAc residues 
on the chicken sperm surface.
The increased binding of WGA and lectin from Solanum 
tuberosum to the sperm surface during transport through 
the epididymal region may be due in part to glycosylation 
of existing plasma membrane components, given the 
continued glycosylation of proteins throughout the ductus 
deferens and in the ampulla (4. 1. 1. ). In mammals, 
galactosyltransferase, sialyltransferase and 
oC-lactalbumin-like proteins have been detected in 
epididymal secretions and evidence has been obtained for 
the glycosylation of existing membrane components (see 
Jones, 1989). Although deglycosylation of existing 
membrane components appears to occur in the ductus 
deferens (see 3. 1.4.2. ), no apparent reduction in sperm 
staining intensity was observed. This may have been due 
to a low concentration of deglycosylated components on the 
sperm surface and the polyvalent nature of WGA, possibly 
allowing cross-linking over the deglycosylated proteins.
Another possible explanation for the increased lectin 
binding observed accompanying sperm transport through the 
epididymal region is the association of secreted 
glycoproteins with the sperm surface. In mammals it is 
now widely accepted that glycoproteins synthesised and
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s e c r e t e d  by  t h e  e p id id y m a l  e p i t h e l i u m  a s s o c i a t e  w i t h  th e
sperm surface (Olson & Hamilton, 1978; Jones et al..
1981; Moore, 1980; Orgebin-Crist & Fournier-■Delpech,
1982; Brooks, 1983).
Bedford (1979) reported no change in WGA or ConA binding 
to the chicken sperm surface as a correlate of sperm 
transport from the testis to the ductus deferens, and 
postulated that, in contrast to the case in mammals, cell 
surface change might not be a feature of post-testicular 
maturation in the chicken. Conflicting results obtained 
by Nicolson et al. (1977) and Gordon et al. (1975) 
regarding the binding of lectins to rabbit spermatozoa 
during epididymal transit have been attributed to 
differences in experimental protocols (see Olson, 1984). 
It is possible that differences between results obtained 
in this study and those reported by Bedford (1979) for WGA 
binding to the sperm surface were also due to differences 
in staining protocols.
Esponda and Bedford (1987) reported no changes in ConA or 
WGA binding over the surfaces of snake, turtle or lizard 
spermatozoa correlated with sperm transport from the 
testis to the anterior ductus deferens, and, as previously 
mentioned (see 4. 1. 1. ), subsequently suggested that sperm 
surface modification in subtherian vertebrates might 
involve the acquisition of proteins rather than 
glycoproteins. However, given that epididymal antigens 
bind over the entire sperm surface (see 3. 1. 2. ), it would
251
be reasonable to expect that the acquisition of protein 
rather than glycoprotein would mask underlying lectin 
binding sites of testicular origin and result in reduced 
lectin binding correlated with sperm transport through the 
excurrent duct system. This is clearly not the case in 
the chicken.
No staining differences were observed between fixed and 
unfixed spermatozoa following exposure to FITC conjugated 
lectins (see 3. 1.3. ), suggesting that the fixative used 
(formaldehyde) did not expose intracellular components. 
However, spermatozoa recovered from the anterior oviduct 
following multiple intravaginal inseminations exhibited 
more extensive staining after fixation (see 3. 6. 1. ), 
suggesting intracellular staining or unmasking of surface 
groups. It has previously been shown that some fixatives 
can expose intracellular components often giving rise to 
increased staining of fixed spermatozoa with some lectins, 
compared with unfixed spermatozoa (see Cross & Overstreet, 
1987), and it is possible that a small increase in the 
staining intensity of fixed spermatozoa due to WGA 
labelling of internal components was not detected against 
the intense sperm surface staining. It would also seem 
likely from the results obtained that the sperm interior 
lacks significant binding sites for ConA and lectin from 
Solanum tuberosum.
Esponda and Bedford (1985, 1987) have shown clearly that
the antigenicity of the sperm surfaces of chicken and some
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species of snake undergo dramatic change during sperm 
transport through the excurrent duct system. The
immunofluorescence results obtained in this study from the 
exposure of ejaculated spermatozoa and spermatozoa 
recovered from different regions of the male reproductive 
tract, to antiserum raised in rabbit against ejaculated 
seminal plasma proteins, were broadly in agreement with 
those obtained by Esponda and Bedford (1985) (see 3. 1.2. ). 
Testicular spermatozoa generally remained unstained, with 
all spermatozoa examined from the ductus deferens and 
ejaculate exhibiting staining.
Esponda and Bedford (1985) examined spermatozoa from the 
epididymal region, mid-ductus deferens and posterior 
ductus deferens and observed incomplete staining of 
epididymal spermatozoa, with complete staining of 
spermatozoa from the ductus deferens. In this study, 
spermatozoa recovered from the anterior ductus deferens 
exhibited staining over their entire surface, similar to 
that observed on ejaculated spermatozoa and spermatozoa 
recovered from the posterior ductus deferens. However, 
staining intensity increased progressively from the 
anterior ductus deferens to the ejaculate, indicating 
progressive change in sperm surface antigenicity, and was 
accompanied by changes in the antigenicities of seminal 
plasma proteins (see 3. 1. 4. 2. ). This is an important 
difference to the results obtained by Esponda and Bedford 
(1985), as the results from this study suggest that the 
entire ductus deferens is actively involved in
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post-testicular sperm maturation, supporting the view that 
the ductus deferens is the avian equivalent of the corpus 
and caudal regions of the mammalian epididymis (Tingari, 
1971, 1972; Lake, 1981). It is possible that sperm
surface staining differences observed between this study 
and that of Esponda and Bedford (1985) were due to the 
different origins of the antisera used. Esponda and 
Bedford (1985) raised antisera against seminal plasma from 
the epididymis and ductus deferens, whereas in this study 
ejaculated seminal plasma was used. As previously 
mentioned (4. 1. 1. ), it is clear that differences exist 
between the antigenicities of ejaculated seminal plasma 
proteins and their counterparts from different areas of 
the ductus deferens.
A small percentage of ejaculated and ductus deferens 
spermatozoa from all birds used exhibited considerably 
more intense immunological staining of the head region 
than that generally observed (see 3. 1.2. ). Similarly, a 
larger percentage of ejaculated and ductus deferens 
spermatozoa exhibited incomplete staining after exposure 
to FITC conjugated WGA (see 3. 1. 3. ). These observations 
appeared fairly constant in sperm samples examined from 
different birds, indicating the existence of sperm 
subpopulations within semen samples.
Sperm heterogeneity within semen samples has been 
demonstrated in several mammalian species (see Holt, 
1984), using murine monoclonal antibodies (Glassy et al..
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1984), continuous percoll gradient centrifugation 
(Sullivan & Robitaille, 1989), aqueous two-phase partition 
(Cartwright et al. . 1992), lectins (Ravid et al. . 1990)
and antisperm antibodies (Lenzi et al. . 1988). Glassy et
al. (1984) postulated that cross-mixing of surface 
antigens may occur between cells throughout sequential 
rounds of cell division during spermatogenesis, and that 
the persistence of maturation antigens on mature 
spermatozoa may give rise to antigenic heterogeneity. 
Sullivan and Robitaille (1989) suggested that 
heterogeneity of sperm populations may be related to 
varying degrees of maturation of spermatozoa within any 
given population. It would appear that the distribution 
of antigens on the sperm surface may be an important 
factor in the fertilising ability of spermatozoa. 
Blaquier et al. (1987) reported a study in which 42% of 
infertile men exhibited abnormal distribution of sperm 
surface antigens.
A small percentage of testicular spermatozoa from each 
bird reacted with the antiserum raised against seminal 
plasma proteins (see 3. 1. 2. ), indicating heterogeneity of 
the sperm surface prior to the acquisition of epididymal 
antigens. It is possible that some components on the 
surface of a small percentage of testicular spermatozoa 
possess similar epitopes to antigens present in seminal 
plasma. Alternatively, one or more antigens present in 
seminal plasma which associate with the sperm surface 
might originate in the testes. Orlando et al. (1988) have
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reported an albumin secreted by mammalian Sertoli cells 
which is also present in seminal plasma, and Bardin et al. 
(1986) reported the secretion of a protein by Sertoli 
cells and the epididymal epithelium.
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4. 2. O v id u c a l  Sperm S e l e c t i o n
4 .  2 .  1 .  T h e  U t e r o v a g i n a l  J u n c t i o n  a s  a  S i t e  o f  S p e r m
S e l e c t i o n
T h e  h y p o t h e s i s  t h a t  t h e  u t e r o v a g i n a l  j u n c t i o n  s p e r m  
s t o r a g e  t u b u l e s  o f  t h e  c h i c k e n  h e n  a r e  s e l e c t i v e  w i t h  
r e g a r d  t o  t h e  s p e r m a t o z o a  t h a t  e n t e r  t h e m  ( A l l e n  &  B o b r ,  
1 9 5 5 ;  A l l e n  &  G r i g g ,  1 9 5 7 ;  O g a s a w a r a  e t  a l . ,  1 9 6 6 )  h a s  
b e e n  d i s p r o v e d  b y  e v i d e n c e  p r o v i d e d  i n  t h i s  t h e s i s .  I n  
a d d i t i o n  t o  s p e r m a t o z o a  f r o m  v a r i o u s  a v i a n  s p e c i e s ,  
s p e r m a t o z o a  f r o m  s e v e r a l  m a m m a l i a n  s p e c i e s  w e r e  o b s e r v e d  
t o  e n t e r  q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  i n - v i t r o , i n  
s o m e  c a s e s  f i l l i n g  t h e  t u b u l e  l u m e n  a n d  a d o p t i n g  a  s i m i l a r  
s t o r a g e  o r i e n t a t i o n  t o  t h e  h o s t  a v i a n  s p e r m a t o z o a  ( s e e  
3 .  5 .  1 .  ) .  F u r t h e r m o r e ,  h u m a n  s p e r m a t o z o a  o c c u p i e d  a  s m a l l  
p e r c e n t a g e  o f  q u a i l  u t e r o v a g i n a l  j u n c t i o n  S S T s  f o l l o w i n g  
i n t r a v a g i n a l  i n s e m i n a t i o n ,  a n d  s u b s e q u e n t l y  g a i n e d  a c c e s s  
t o  t h e  n e w l y  o v u l a t e d  e g g  o v e r  4  c o n s e c u t i v e  d a y s  ( s e e  
3 .  5 .  3 .  3 .  ) ,  i n d i c a t i n g  l o n g e r - t e r m  s t o r a g e .  T h e  d e c l i n e  i n  
t h e  c o n c e n t r a t i o n  o f  s p e r m a t o z o a  o b s e r v e d  i n  t h e  
p e r i v i t e l l i n e  l a y e r  o f  s u b s e q u e n t l y  l a i d  e g g s  a p p e a r e d  
l o g a r i t h m i c ,  a s  i s  b e l i e v e d  t o  b e  t h e  c a s e  f o r  h o m o l o g o u s  
a v i a n  s p e r m a t o z o a  ( W i s h a r t ,  1 9 8 7 ) ,  s u g g e s t i n g  t h a t  h u m a n  
s p e r m a t o z o a  w e r e  r e t a i n e d  i n  t h e  S S T s  a n d  s u b s e q u e n t l y  
r e l e a s e d  i n  a  s i m i l a r  f a s h i o n  t o  h o m o l o g o u s  a v i a n  
s p e r m a t o z o a .
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I t  w o u l d  s e e m  f a i r  t o  a s s u m e  t h a t  h u m a n  s p e r m a t o z o a  
o b s e r v e d  i n  t h e  p e r i v i t e l l i n e  l a y e r  o f  q u a i l  e g g s  w o u l d  
h a v e  b e e n  r e l e a s e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  
r a t h e r  t h a n  i n f u n d i b u l a r  S S T s .  A l t h o u g h  s p e r m  t r a n s p o r t  
f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  t o  t h e  i n f u n d i b u l u m  i s  
b e l i e v e d  t o  b e  p a s s i v e  ( F u j i i  &  T a m u r a ,  1 9 6 3 ;  V a n  K r e y  e t  
a l .  . 1 9 6 7 ) ,  i t  i s  l i k e l y  t h a t  s p e r m a t o z o a  r e q u i r e  t o  b e
m o t i l e  i n  o r d e r  t o  e n t e r  S S T s .
I n  t h i s  s t u d y ,  c h i c k e n  s p e r m a t o z o a  o f t e n  f a i l e d  t o  r e a c h  
t h e  i n f u n d i b u l u m  o r  w e r e  f o u n d  t h e r e  o n l y  i n  v e r y  s m a l l  
n u m b e r s  3 - 4  h o u r s  f o l l o w i n g  u t e r o v a g i n a l  j u n c t i o n  
i n s e m i n a t i o n  i n t o  c h i c k e n  h e n s .
T h e  s m a l l  d i m e n s i o n  o f  t h e  q u a i l  v a g i n a  p r e c l u d e d  
e f f i c i e n t  i n t r a v a g i n a l  i n s e m i n a t i o n  i n  t h i s  s t u d y ,  w i t h  
t h e  r e s u l t  t h a t  s o m e  i n s e m i n a t e d  s p e r m a t o z o a  w e r e  l i k e l y  
t o  h a v e  b e e n  i n t r o d u c e d  d i r e c t l y  i n t o  t h e  p o s t e r i o r  
u t e r o v a g i n a l  j u n c t i o n .  E f f i c i e n t  i n t e r s p e c i e s  s p e r m  
s e l e c t i o n  i n  t h e  v a g i n a  w o u l d  s u g g e s t  t h a t  s p e r m a t o z o a  
o b s e r v e d  i n  u t e r o v a g i n a l  j u n c t i o n  S S T s  w e r e  i n s e m i n a t e d  
i n t o  t h e  u t e r o v a g i n a l  j u n c t i o n .  H o w e v e r ,  g i v e n  t h e  a l i e n  
e n v i r o n m e n t  o f  t h e  a v i a n  o v i d u c t  ( w h i c h  h a s  a  t e m p e r a t u r e  
3 - 4  ° C  a b o v e  n o r m a l  m a m m a l i a n  b o d y  t e m p e r a t u r e ) ,  i t  w o u l d  
s e e m  u n l i k e l y  t h a t  h u m a n  s p e r m a t o z o a  w o u l d  h a v e  r e m a i n e d  
m o t i l e  l o n g  e n o u g h  t o  e n t e r  i n f u n d i b u l a r  S S T s  i n  
s u f f i c i e n t  n u m b e r s  f o r  s u b s e q u e n t  d e t e c t i o n  i n  e g g s  
r e l e a s e d  o v e r  4  c o n s e c u t i v e  d a y s .  F u r t h e r m o r e ,  i n  a n  
e a r l i e r  r e p o r t ,  h e t e r o l o g o u s  s p e r m a t o z o a  f r o m  4  m a m m a l i a n
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s p e c i e s  s u f f e r e d  a  c o n s i d e r a b l e  d e c r e a s e  i n  m o t i l i t y  
1 h o u r  f o l l o w i n g  i n t r a u t e r i n e  i n s e m i n a t i o n  i n t o  h a m s t e r s  
( S m i t h  e t  a l . . 1 9 8 8 ) .
T h e  a p p e a r a n c e  o f  s p e r m a t o z o a  o n  t h e  p e r i v i t e l l i n e  l a y e r  
o f  4  c o n s e c u t i v e  e g g s  f r o m  t h e  s a m e  h e n  w o u l d  h a v e  
n e c e s s i t a t e d  s p e r m  s t o r a g e  a s  t h e  i n f u n d i b u l a r  o r  m a g n a l  
e g g  f i l l s  t h e  e n t i r e  o v i d u c a l  l u m e n ,  t h u s  f l u s h i n g  l u m i n a l  
s p e r m a t o z o a  t h r o u g h  t h e  o v i d u c t .  A l t h o u g h  s p e r m a t o z o a  
s t o r e d  a t  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  d i d  n o t  a p p e a r  t o  
h a v e  b e e n  m a i n t a i n e d  i n  a  v i a b l e  s t a t e  w i t h i n  t h e  t u b u l e s  
( s e e  3 .  5 .  3 .  3 .  ) ,  p a s s i v e  t r a n s p o r t  o f  s p e r m a t o z o a  f r o m  t h e  
u t e r o v a g i n a l  j u n c t i o n  t o  t h e  i n f u n d i b u l u m  w o u l d  h a v e  
a l l o w e d  e v e n  d e a d  s p e r m a t o z o a  t o  a p p e a r  o n  t h e  
p e r i v i t e l l i n e  l a y e r  o f  s u b s e q u e n t l y  o v u l a t e d  e g g s .
L a k e  a n d  R a v i e  ( 1 9 8 8 ) ,  u p o n  o b s e r v i n g  r e d u c e d  c h i c k e n  
s p e r m  f e r t i l i s i n g  a b i l i t y  f o l l o w i n g  r e m o v a l  o f  s p e r m  
s u r f a c e  N - a c e t y l n e u r a m i n i c  a c i d  r e s i d u e s  w i t h  
n e u r a m i n i d a s e ,  s u g g e s t e d  t h a t  s p e r m  s e l e c t i o n  m i g h t  b e  
b a s e d  o n  a  r e c o g n i t i o n  s y s t e m  b e t w e e n  t h e  s p e r m  s t o r a g e  
t u b u l e  a n d  t h e  s p e r m  s u r f a c e .  H o w e v e r ,  S c h i n d l e r  e t  a l . 
( 1 9 6 7 )  r e p o r t e d  t h a t  s p e r m a t o z o a  g e n e r a l l y  l i e  f r e e  w i t h i n  
t h e  l u m e n  o f  t h e  S S T s  a n d  a r e  n o t  i n  d i r e c t  c o n t a c t  w i t h  
t h e  l u m i n a l  e p i t h e l i u m .  F u r t h e r m o r e ,  i n  t h i s  s t u d y ,  
a n t i s e r a  r a i s e d  a g a i n s t  c h i c k e n  a n d  q u a i l  s e m i n a l  p l a s m a  
p r o t e i n s  d i d  n o t  c r o s s - r e a c t  w i t h  t h e  h u m a n  o r  b o v i n e  
s p e r m  s u r f a c e  ( s e e  3 . 5 . 2 . ) ,  i n d i c a t i n g  t h e  p r o b a b l e  l a c k  
o f  a n y  s u c h  r e c o g n i t i o n  p r o t e i n  o n  t h e  m a m m a l i a n  s p e r m
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s u r f a c e .  I t  w o u l d  c e r t a i n l y  s e e m  u n l i k e l y  t h a t  m a m m a l i a n  
s p e r m a t o z o a  w o u l d  p o s s e s s  c o m p o n e n t s  o n  t h e i r  s u r f a c e  
d e s i g n e d  f o r  r e c o g n i t i o n  w i t h i n  a n  a v i a n  s p e r m  s t o r a g e  
s y s t e m .  M o r e o v e r ,  c h i c k e n  s p e r m a t o z o a  t r e a t e d  w i t h  e i t h e r  
n e u r a m i n i d a s e  o r  b u f f e r  c o n t a i n i n g  0 . 2 5 M  N a C l ,  w h i c h  
e x h i b i t e d  r e d u c e d  a c c e s s  t o  h o m o l o g o u s  u t e r o v a g i n a l  
j u n c t i o n  S S T s  i n - v i v o  ( s e e  3 .  4 .  3 .  3 .  ,  3 .  4 .  1 .  3 .
r e s p e c t i v e l y )  g a i n e d  c o m p a r a b l e  a c c e s s  t o  t h e  S S T s  
i n - v i t r o  t o  t h a t  o f  t h e i r  r e s p e c t i v e  c o n t r o l s  ( s e e  
3 .  5 .  3 .  2 .  ) ,  i n d i c a t i n g  t h a t  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  
a r e  n o t  s e l e c t i v e  f o r  s p e r m a t o z o a .
O g a s a w a r a  e t  a l . ( 1 9 6 6 )  s u g g e s t e d  t h a t  t h e  u t e r o v a g i n a l  
j u n c t i o n  S S T s  m i g h t  s e l e c t  s p e r m a t o z o a  o n  t h e  b a s i s  o f  
t h e i r  m o r p h o l o g y .  H o w e v e r ,  a l t h o u g h  s p e r m a t o z o a  f r o m  
d i f f e r e n t  a v i a n  s p e c i e s  i n c u b a t e d  i n - v i t r o  w i t h  
u t e r o v a g i n a l  j u n c t i o n  t i s s u e  w e r e  o f  s i m i l a r  m o r p h o l o g y ,  
t h e  m a m m a l i a n  s p e r m a t o z o a  u s e d  w e r e  v a r i a b l e  i n  l e n g t h  a n d  
h e a d  m o r p h o l o g y ,  w h i c h  i n v a r i a b l y  d i f f e r e d  g r e a t l y  f r o m  
a v i a n  s p e r m a t o z o a .  F u r t h e r m o r e ,  c h i c k e n  s p e r m a t o z o a  
r e n d e r e d  m o r p h o l o g i c a l l y  a b n o r m a l  a f t e r  t r e a t m e n t  w i t h  
0 .  4 M  N a C l  w e r e  c o m m o n l y  f o u n d  i n  q u a i l  u t e r o v a g i n a l  
j u n c t i o n  S S T s  a f t e r  i n - v i t r o  i n c u b a t i o n  ( s e e  3 .  5 .  1 .  ) .
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4 .  2 .  2 . T h e  R o l e  o f  S p e r m  S u r f a c e  A s s o c i a t e d  P r o t e i n s  
i n  t h e  O v i d u c t
P r o t e i n s  a n d  g l y c o p r o t e i n s  c a n  c l e a r l y  b e  e x t r a c t e d  f r o m  
t h e  s u r f a c e  o f  e j a c u l a t e d  c h i c k e n  s p e r m a t o z o a  u s i n g  
i s o t o n i c  a n d  h y p e r t o n i c  b u f f e r s  c o n t a i n i n g  u p  t o  
0 .  2 5 M  N a C l ,  w i t h o u t  a p p a r e n t  l o s s  o f  s p e r m  i n t e g r i t y  a s  
d e t e r m i n e d  b y  a s s a y  o f  c e l l u l a r  A T P  c o n c e n t r a t i o n ,  
m o t i l i t y  a n d  e o s i n  e x c l u s i o n .  H o w e v e r ,  s p e r m a t o z o a  
t r e a t e d  w i t h  0 .  2 5 M  N a C l  e x h i b i t e d  s i g n i f i c a n t l y  r e d u c e d  
a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  i n - v i v o . a n d  
h y p e r t o n i c  b u f f e r - t r e a t e d  s p e r m a t o z o a  s h o w e d  a  s i g n i f i c a n t  
N a C l  c o n c e n t r a t i o n - r e l a t e d  r e d u c t i o n  i n  a b i l i t y  t o  r e a c h  
t h e  s i t e  o f  f e r t i l i s a t i o n  f o l l o w i n g  i n t r a v a g i n a l
i n s e m i n a t i o n  ( s e e  3 .  4 .  1 .  1 .  ,  3 .  4 .  1 .  3 .  ) ,  i n d i c a t i n g  a
d e f i n i t e  r o l e  f o r  s p e r m  s u r f a c e  a s s o c i a t e d  p r o t e i n s  i n
v a g i n a l  s p e r m  t r a n s p o r t .
T h e  p r i n c i p l e  o f  r e m o v i n g  s p e r m  s u r f a c e - a s s o c i a t e d  
p r o t e i n s  o f  e p i d i d y m a l  o r i g i n  w i t h  i s o t o n i c  o r  h i g h  i o n i c  
s t r e n g t h  m e d i a  h a s  p r e v i o u s l y  b e e n  d e m o n s t r a t e d  f o r  m o u s e  
( M u r p h y  &  C a r r o l l ,  1 9 8 7 ;  R a n k i n  e t  a l . . 1 9 9 2 a ) ,  r a b b i t
( B r a c k e t t  &  O l i p h a n t ,  1 9 7 5 ;  O l i p h a n t  &  S i n g h a s ,  1 9 7 9 ) ;
r a t  ( R i f k i n  &  O l s o n ,  1 9 8 5 ) ,  b o a r  ( R u s s e l l  e t  a l . . 1 9 8 5 )
a n d  l i z a r d  ( D e p e i g e s  &  D a f a u r e ,  1 9 8 3 ) .  H o w e v e r ,  i n  t h o s e  
e x p e r i m e n t s  i t  w a s  n o t  i n t e n d e d  t o  r e t a i n  v i a b l e
s p e r m a t o z o a ,  u n l i k e  t h e  p r e s e n t  s t u d y  i n  w h i c h  t h e
m e t a b o l i c  a n d  f u n c t i o n a l  i n t a c t n e s s  o f  t h e  s p e r m a t o z o a
w e r e  r e t a i n e d  i n - v i t r o  d u r i n g  a n d  a f t e r  w a s h i n g ,  b o t h  t o
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d e f i n e  t h e  t o p i c a l  s o u r c e  o f  t h e  p r o t e i n s  a n d  t o  p r o v i d e  a  
s y s t e m  w h e r e b y  t h e  e f f e c t  o f  p r o t e i n  r e m o v a l  o n  s p e r m  
f u n c t i o n  i n - v i v o  c o u l d  b e  d e t e r m i n e d .
T h e  i d e a  t h a t  a v i a n  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  m a y  
c o n f e r  u p o n  s p e r m a t o z o a  t h e  a b i l i t y  t o  t r a v e r s e  t h e  f e m a l e  
r e p r o d u c t i v e  t r a c t  h a s  b e e n  s u g g e s t e d  p r e v i o u s l y  ( E s p o n d a  
&  B e d f o r d ,  1 9 8 5 ;  M o r r i s  &  H o w a r t h ,  1 9 8 5 ) .  H o w e v e r ,  t h e  
e v i d e n c e ,  t h a t  t e s t i c u l a r  s p e r m a t o z o a  w h i c h  h a v e  n o t  b e e n  
e x p o s e d  t o  t h e  s e c r e t i o n s  o f  t h e  e p i d i d y m i s  a r e  i n f e r t i l e  
w h e n  i n s e m i n a t e d  i n t r a v a g i n a i l y  ( M u n r o ,  1 9 3 8 b ;  H o w a r t h ,  
1 9 8 3 ) ,  b u t  f e r t i l e  w h e n  i n s e m i n a t e d  i n t r a m a g n a l l y  
( H o w a r t h ,  1 9 8 3 ) ,  c o u l d  b e  c o n s i d e r e d  e q u i v o c a l ,  s i n c e  
t e s t i c u l a r  s p e r m a t o z o a  a l s o  d i s p l a y  l i m i t e d  m o t i l i t y  
i n - v i t r o  ( M u n r o ,  1 9 3 8 b ;  H o w a r t h ,  1 9 8 3 ;  A s h i z a w a  &  S a n o ,
1 9 9 0 ) .
I t  i s  c l e a r  t h a t  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  d o  n o t  
h a v e  a  r o l e  i n  s p e r m - e g g  i n t e r a c t i o n  ( H o w a r t h ,  1 9 8 3 )  o r  
t h e  d e v e l o p m e n t  o f  m o t i l i t y  ( s e e  B e d f o r d ,  1 9 7 9 )  i n  t h e  
c h i c k e n ,  a l t h o u g h  a c r o s o m e  s t a b i l i s a t i o n  ( E n g  &  O l i p h a n t ,  
1 9 7 8 )  r e m a i n s  a  p o s s i b i l i t y .  H o w e v e r ,  t h e  r e s u l t s  
o b t a i n e d  i n  t h i s  s t u d y  p o i n t  t o  a  r o l e  i n  s p e r m  t r a n s p o r t  
i n  t h e  p o s t e r i o r  o v i d u c t .
R e i n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  b u f f e r e d  s e m i n a l  p l a s m a  
f o l l o w i n g  e x p o s u r e  o f  s p e r m a t o z o a  t o  0 . 2 5 M  N a C l  f a i l e d  t o  
i m p r o v e  t h e  a b i l i t y  o f  s p e r m a t o z o a  t o  r e a c h  t h e  s i t e  o f  
f e r t i l i s a t i o n .  T h i s  c o u l d  s i m p l y  h a v e  b e e n  d u e  t o
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i n a p p r o p r i a t e  t i m e s c a l e  o f  i n c u b a t i o n .  H o w e v e r ,  g i v e n  t h e  
d e g r e e  o f  m o d i f i c a t i o n  o f  e p i d i d y m a l  p r o t e i n s  i n  
s u b s e q u e n t  a r e a s  o f  t h e  e x c u r r e n t  d u c t  s y s t e m ,  i t  i s  
p o s s i b l e  t h a t  p r o t e i n s  o f  e j a c u l a t e d  s e m i n a l  p l a s m a  a r e  i n  
a n  i n a p p r o p r i a t e  f o r m  f o r  a s s o c i a t i o n  w i t h  t h e  s p e r m  
s u r f a c e .  I n  t h i s  s t u d y ,  p r o t e i n s  e x t r a c t e d  f r o m  t h e  s p e r m  
s u r f a c e  b y  h y p e r t o n i c  b u f f e r s  w e r e  n o t  r e c o g n i s e d  b y  t h e  
a n t i s e r u m  r a i s e d  a g a i n s t  s e m i n a l  p l a s m a  p r o t e i n s  ( s e e  
3 .  1 . 4 .  2 . ) ,  s u g g e s t i n g  a n t i g e n i c  m o d i f i c a t i o n ,  p r o b a b l y  a s  
a  r e s u l t  o f  c o n f o r m a t i o n a l  c h a n g e .  T h u s  i t  m a y  n o t  b e  
u n r e a s o n a b l e  t o  e x p e c t  t h a t  s i t e s  o n  t h e  s p e r m  s u r f a c e  f o r  
p r o t e i n  a s s o c i a t i o n  c o u l d  a l s o  h a v e  b e e n  a l t e r e d ,  
p r e v e n t i n g  p r o t e i n - s p e r m  s u r f a c e  r e a s s o c i a t i o n .
S p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  a n d  g l y c o p r o t e i n s  a r e  
c l e a r l y  l o s t  f r o m  s p e r m a t o z o a  w a s h e d  w i t h  i s o t o n i c  b u f f e r  
( s e e  3 . 4 .  1 . 2 .  ) .  S i m p l e  c e n t r i f u g a t i o n  w i t h  s u b s e q u e n t  
r e c o n s t i t u t i o n  o f  t h e  p e l l e t  i n  t h e  s a m e  b u f f e r e d  s e m i n a l  
p l a s m a  r e s u l t s  i n  a  s i g n i f i c a n t  r e d u c t i o n  i n  s p e r m  a c c e s s  
t o  t h e  n e w l y  o v u l a t e d  e g g  i n - v i v o ,  a  s i t u a t i o n  w h i c h  i s  
c l e a r l y  e x a c e r b a t e d  b y  a  c h a n g e  o f  b u f f e r  ( s e e  3 .  4 .  2 .  2 .  ) .  
G i v e n  t h a t  c e l l u l a r  d a m a g e  d u e  t o  c e n t r i f u g a t i o n ,
r e c o n s t i t u t i o n  o f  t h e  p e l l e t  a n d  w i t h d r a w a l  o f  s e m i n a l  
p l a s m a  w a s  n o t  e v i d e n t  d u r i n g  a  p r o l o n g e d  8 0  m i n u t e  
a e r o b i c  i n c u b a t i o n  a t  4 0  ° C  ( s e e  3 . 4 .  2 .  1 .  ) ,  i t  w o u l d  s e e m  
r e a s o n a b l e  t o  a s s u m e  t h a t  d e t r i m e n t a l  e f f e c t s  o n  t h e  
a b i l i t y  o f  s p e r m a t o z o a  t o  r e a c h  t h e  s i t e  o f  f e r t i l i s a t i o n  
w e r e  l a r g e l y  d u e  t o  l o s s  o f  s p e r m  s u r f a c e  a s s o c i a t e d  
p r o t e i n s  a n d  g l y c o p r o t e i n s .  I t  m a y  b e  p o s s i b l e  f o r
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p r o t e i n s  r e m o v e d  f r o m  t h e  s p e r m  s u r f a c e  i n  i s o t o n i c  
c o n d i t i o n s  t o  r e a s s o c i a t e  w i t h  s p e r m a t o z o a  d u r i n g  
s u b s e q u e n t  s p e r m  i n c u b a t i o n  i n  t h e  p r e s e n c e  o f  s e m i n a l  
p l a s m a ,  a s  m a y  h a v e  o c c u r r e d  f o r  s p e r m a t o z o a  w h i c h  h a d  
b e e n  c e n t r i f u g e d  o n l y ,  t h u s  a l l o w i n g  a  d e g r e e  o f  r e c o v e r y  
o f  n o r m a l  s p e r m  s u r f a c e  p r e s e n t a t i o n .  T h i s  c o u l d  a c c o u n t  
f o r  t h e  c o n s i d e r a b l y  g r e a t e r  a b i l i t y  o f  s u c h  s p e r m a t o z o a  
t o  r e a c h  t h e  s i t e  o f  f e r t i l i s a t i o n  t h a n  t h e i r  w a s h e d  
c o u n t e r p a r t s ,  a n d  t h e i r  r e l a t i v e l y  p o o r  p e r f o r m a n c e  
c o m p a r e d  w i t h  u n c e n t r i f u g e d  s p e r m a t o z o a .  C e r t a i n l y ,  t h e  
a c q u i s i t i o n  o f  e p i d i d y m a l  a n t i g e n s  b y  i m m a t u r e  m a m m a l i a n  
s p e r m a t o z o a  i n - v i t r o  h a s  b e e n  r e p o r t e d  ( s e e  M o o r e ,  1 9 9 0 ) .  
I t  i s  a l s o  p o s s i b l e  t h a t  r e m o v a l  o f  s e m i n a l  p l a s m a  p r i o r  
t o  i n s e m i n a t i o n  r e n d e r s  s p e r m a t o z o a  m o r e  v u l n e r a b l e  t o  
i m m u n o l o g i c a l  a t t a c k  i n  t h e  o v i d u c t .  I m m u n o s u p p r e s s i v e  
f a c t o r s  s i m i l a r  t o  t h o s e  i d e n t i f i e d  i n  m a m m a l i a n  s e m e n  
( s e e  A l e x a n d e r  &  A n d e r s o n ,  1 9 8 7 ;  M e t a f o r a  e t  a l .  , 1 9 8 9 )
m a y  b e  p r e s e n t  i n  c h i c k e n  s e m i n a l  p l a s m a .
I n  p r a c t i c e ,  t h e  l o s s  o f  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  
m a y  b e  a  c a u s e  o f  l o w e r e d  f e r t i l i t y  i n  h e n s  i n s e m i n a t e d  
w i t h  t r e a t e d  c h i c k e n  s e m e n .  S i m p l e  d i l u t i o n  o f  c h i c k e n  
s e m e n  a t  1 0 -  a n d  4 6 - f o l d  i n  a  b u f f e r e d  g l u t a m a t e - b a s e d  
d i l u e n t  r e s u l t e d  i n ,  r e s p e c t i v e l y ,  1 9  a n d  3 4 %  r e d u c t i o n s  
i n  f e r t i l i t y ,  i n  t e r m s  o f  t h e  p e r c e n t a g e  o f  f e r t i l e  e g g s  
l a i d  b y  i n s e m i n a t e d  h e n s ,  c o m p a r e d  t o  s a m p l e s  s i m i l a r l y  
d i l u t e d  i n  c h i c k e n  s e m i n a l  p l a s m a  ( L a k e  &  R a v i e ,  1 9 8 7 ) .  
T h e  p r o b l e m  m a y  b e  m o r e  a c u t e  d u r i n g  p r o t o c o l s  f o r  
c r y o p r e s e r v a t i o n  o f  s p e r m a t o z o a ,  u t i l i s i n g  g l y c e r o l  a s  t h e
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c r y o p r e s e r v a t i v e ,  w h e n  s e m e n  s a m p l e s  a r e  n o t  o n l y  d i l u t e d  
i n  a  m e d i u m  o f  h i g h  o s m o l a r i t y ,  b u t  a r e  a l s o  w a s h e d  f r e e  
o f  g l y c e r o l  a n d  s e m i n a l  p l a s m a  b y  c e n t r i f u g a t i o n  p r i o r  t o  
i n s e m i n a t i o n  ( e .  g .  L a k e  e t  a l . . 1 9 8 1 )
T h e  r e m o v a l  o f  t e r m i n a l  N - a c e t y l n e u r a m i n i c  a c i d  r e s i d u e s  
f r o m  t h e  s p e r m  s u r f a c e  w i t h o u t  a d v e r s e l y  a f f e c t i n g  t h e  
m e t a b o l i c  a n d  f u n c t i o n a l  i n t a c t n e s s  o f  s p e r m a t o z o a ,  a s  
a s s e s s e d  b y  m e a s u r e m e n t  o f  c e l l u l a r  A T P  c o n c e n t r a t i o n ,  
m o t i l i t y  a n d  e o s i n  e x c l u s i o n  ( s e e  3 .  4 .  3 .  2 .  ) ,  r e s u l t e d  i n  
r e d u c e d  a c c e s s  o f  s p e r m a t o z o a  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  
S S T s  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n ,  w h e n  c o m p a r e d  
w i t h  u n t r e a t e d  c o n t r o l s  ( s e e  3 .  4 .  3 .  3 .  ) .  T h u s  t e r m i n a l
s i a l i c  a c i d  r e s i d u e s  o n  t h e  s p e r m  s u r f a c e  a r e  a l s o
i m p o r t a n t  i n  v a g i n a l  s p e r m  t r a n s p o r t  a n d / o r  s t o r a g e  i n
c h i c k e n s .  P r e v i o u s  w o r k  h a s  s h o w n  t h a t  u p  t o  8 0 %  o f
c h i c k e n  s e m i n a l  s i a l i c  a c i d  c o n t e n t  i s  a s s o c i a t e d  w i t h  
s p e r m a t o z o a  ( F r o m a n  &  E n g e l ,  1 9 8 9 )  a n d  t h a t  t h e  r e m o v a l  o f  
1 8 - 4 5 %  o f  s p e r m  b o u n d  s i a l i c  a c i d  r e s u l t s  i n  r e d u c e d  s p e r m  
f e r t i l i s i n g  a b i l i t y  ( F r o m a n  &  T h u r s t o n ,  1 9 8 4 ;  L a k e  &  
R a v i e ,  1 9 8 8 ;  F r o m a n  &  E n g e l ,  1 9 8 9 ;  H o w a r t h ,  1 9 8 9 ) .
V a n  K r e y  e t  a l . ( 1 9 8 1 )  s u g g e s t e d  t h a t  s t o r a g e  o f
s p e r m a t o z o a  w i t h i n  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  d e p e n d s  
o n  t h e i r  a b i l i t y  t o  a g g l u t i n a t e .  F r o m a n  a n d  T h u r s t o n  
( 1 9 8 4 ) ,  F r o m a n  a n d  E n g e l  ( 1 9 8 9 ) ,  a n d  H o w a r t h  ( 1 9 8 9 )  
s u b s e q u e n t l y  p o s t u l a t e d  t h a t  t h e  r e d u c e d  f e r t i l i s i n g  
a b i l i t y  o f  n e u r a m i n i d a s e  t r e a t e d  s p e r m a t o z o a  i s  d u e  t o  
l o s s  o f  s i a l i c  a c i d  r e s i d u e s  r e s p o n s i b l e  f o r  s p e r m
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a g g l u t i n a t i o n  a n d  s t o r a g e  i n  t h e  S S T s .  I n  t h i s  s t u d y ,  
i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  s u b s e q u e n t l y  
r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  o r  i n f u n d i b u l u m  
e x h i b i t e d  r e d u c e d  s t a i n i n g  w i t h  F I T C - c o n j u g a t e d  W G A  ( s e e  
3 .  6 .  1 .  ) .  H o w e v e r ,  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  
u p  t o  5  h o u r s  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  s t a i n e d  
s i m i l a r l y  t o  n o n - i n s e m i n a t e d  c o n t r o l  s p e r m a t o z o a ,  
s u g g e s t i n g  t h a t  l o s s  o f  s p e r m  s u r f a c e  c a r b o h y d r a t e  
r e s i d u e s  ( p r o b a b l y  t e r m i n a l  s i a l i c  a c i d )  o c c u r s  n a t u r a l l y  
a t  t h e  u t e r o v a g i n a l  j u n c t i o n ,  a n d  l e n d i n g  s u p p o r t  t o  t h e  
s p e r m  a g g l u t i n a t i o n  h y p o t h e s i s .  H o w e v e r ,  n e u r a m i n i d a s e  
t r e a t e d  s p e r m a t o z o a  w e r e  n o t  g e n e r a l l y  f o u n d  i n  t h e  
u t e r o v a g i n a l  j u n c t i o n  S S T s  o r  o n  t h e  u t e r o v a g i n a l  j u n c t i o n  
m u c o s a  3  h o u r s  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  ( s e e  
3 .  4 .  3 .  3 .  ) ,  a t  w h i c h  t i m e  f i l l i n g  o f  S S T s  w i t h  s p e r m a t o z o a  
w o u l d  n o r m a l l y  b e  p r o c e e d i n g  ( A l l e n  &  G r i g g ,  1 9 5 7 ;  B o b r  
e t  a l . . 1 9 6 4 b ) .  T h i s  s t r o n g l y  s u g g e s t s  t h a t  r a t h e r  t h a n
n o t  b e i n g  r e t a i n e d  b y  t h e  S S T s ,  i n s e m i n a t e d  s p e r m a t o z o a  
w e r e  p r e v e n t e d  f r o m  r e a c h i n g  t h e  u t e r o v a g i n a l  j u n c t i o n  b y  
s o m e  m e c h a n i s m  o p e r a t i n g  i n  t h e  v a g i n a .
P r o b i n g  o f  t h e  c h i c k e n  s p e r m  s u r f a c e  w i t h  F I T C - c o n j u g a t e d  
l e c t i n  f r o m  L i m u l u s  n o l v n h e m u s  i n d i c a t e d  a  u n i f o r m  
d i s t r i b u t i o n  o f  s i a l i c  a c i d  r e s i d u e s  o v e r  t h e  e n t i r e
s u r f a c e  ( s e e 3 .  4 .  3 .  1 .  ) . S i a l i c  a c i d s b o u n d t o c e l l
s u r f a c e s  a r e b e l i e v e d  t o c a r r y  o u t  a w i d e r a n g e o f
f u n c t i o n s ,  i n c l u d i n g  t h e a g g r e g a t i o n  o f c e l l s v i a C a 2+
b r i d g e s ,  a n d  t h e  m a s k i n g  o f  a n t i g e n i c  s i t e s  ( s e e  S c h a u e r ,  
1 9 8 5 ) .  K e l m  e t  a l . ( 1 9 8 6 )  r e p o r t e d  t h a t  e r y t h r o c y t e
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b i n d i n g  t o  l i v e r ,  s p l e e n  a n d  p e r i t o n e a l  m a c r o p h a g e s ,  a n d  
s u b s e q u e n t  p h a g o c y t o s i s  w a s  d u e  t o  l o s s  o f  c e l l - s u r f a c e  
s i a l i c  a c i d .  S i a l i c  a c i d s  a r e  a l s o  k n o w n  t o  d e c r e a s e  t h e  
r e a c t i v i t i e s  o f  I g G  w i t h  F c  r e c e p t o r s  o n  T  l y m p h o c y t e s ,  
a n d  w i t h  K i l l e r  T  c e l l s  ( s e e  S c h a u e r ,  1 9 8 5 ) .  T h e  m a s k i n g  
m e c h a n i s m  o f  s i a l i c  a c i d  i s  p r e s e n t l y  u n k n o w n ,  b u t  m a y  b e  
d u e  t o  i n f l u e n c e  o v e r  g l y c o p r o t e i n  c o n f o r m a t i o n  o r  a  
s i m p l e r  s t e r i c  e f f e c t  ( S c h a u e r ,  1 9 8 5 ;  T o s h i m o r i  e t  a l . ,
1 9 9 1 ) .
4 .  2 .  3 .  G l v c e r o l  a n d  A v i a n  S p e r m a t o z o a
G l y c e r o l  i s  t h e  m o s t  e x t e n s i v e l y  u s e d  c r y o p r o t e c t i v e  a g e n t  
f o r  c h i c k e n  s p e r m a t o z o a  ( s e e  L a k e ,  1 9 8 6 ) .  A  g l y c e r o l  
c o n c e n t r a t i o n  o f  m o r e  t h a n  7 %  i s  r e q u i r e d  f o r  t h e  m o s t  
e f f e c t i v e  s u r v i v a l  o f  c h i c k e n  s p e r m a t o z o a  a f t e r  f r e e z i n g  
( W a t a n a b e ,  1 9 6 7 ;  W a t a n a b e  &  T e r a d a ,  1 9 8 0 ) .  H o w e v e r ,  
a l t h o u g h  c h i c k e n  s p e r m a t o z o a  h a v e  b e e n  s h o w n  t o  b e  h i g h l y  
a c t i v e  i n - v i t r o  i n  m e d i a  c o n t a i n i n g  u p  t o  2 0 %  g l y c e r o l  
( v / v )  a t  r o o m  t e m p e r a t u r e ,  u n l e s s  t h e  g l y c e r o l  
c o n c e n t r a t i o n  i s  r e d u c e d  t o  l e s s  t h a n  2 %  ( v / v )  b y  d i a l y s i s  
o r  c e n t r i f u g a t i o n  p r i o r  t o  i n t r a v a g i n a l  i n s e m i n a t i o n ,  
s p e r m a t o z o a  s u b s e q u e n t l y  e x h i b i t  g r e a t l y  i m p a i r e d  
f e r t i l i s i n g  a b i l i t y  ( P o l g e ,  1 9 5 1 ) .  T h i s  a p p e a r s  t o  b e  d u e  
t o  i m p a i r e d  s p e r m  m i g r a t i o n  f r o m  t h e  v a g i n a  t o  t h e  
u t e r o v a g i n a l  j u n c t i o n  S S T s  ( W e s t f a l l  &  H o w a r t h ,  1 9 7 7 ) ,  
a l t h o u g h  s p e r m a t o z o a  i n s e m i n a t e d  i n t r a u t e r i n e l y  i n  a
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m e d i u m  c o n t a i n i n g  1 5 %  g l y c e r o l  ( v / v )  s u b s e q u e n t l y  
f e r t i l i s e d  e g g s  ( A l l e n  &  B o b r ,  1 9 5 5 ) .
G l y c e r o l  r e m o v a l  f r o m  s p e r m a t o z o a  m u s t  b e  c a r r i e d  o u t  
s l o w l y  t o  p r e v e n t  o s m o t i c  d a m a g e  ( B a k s t  &  H o w a r t h ,  1 9 7 7 a ;  
W e s t f a l l  &  H o w a r t h ,  1 9 7 8 ) ,  d u e  t o  d i l u t i o n  o f  
g l y c e r o l - p e r m e a t e d  s p e r m a t o z o a  w i t h  a  g l y c e r o l - f r e e  
m e d i u m .
H a m m e r s t e d t  a n d  G r a h a m  ( 1 9 9 1 )  h a v e  p o s t u l a t e d  t h a t  
g l y c e r o l  m i g h t  a f f e c t  c y t o p l a s m i c  v i s c o s i t y  a n d  
s u b s e q u e n t l y  t h e  r e s p o n s e  t i m e  o f  d i f f u s i o n - l i m i t e d  
p r o c e s s e s .  D i r e c t  a l t e r a t i o n  o f  m e m b r a n e  b i l a y e r  
s t r u c t u r e  b y  g l y c e r o l  h a s  b e e n  r e p o r t e d  a n d  a l t e r a t i o n s  t o  
t h e  s p e r m  s u r f a c e  h a v e  b e e n  p o s t u l a t e d  ( s e e  H a m m e r s t e d t  
a n d  G r a h a m ,  1 9 9 1 ) .
I t  i s  b e l i e v e d  t h a t  t h e  c o n t r a c e p t i v e  e f f e c t  o f  g l y c e r o l  
i n  t h e  c h i c k e n  v a g i n a  m a y  b e  d u e  t o  d a m a g e  t o  t h e  s p e r m  
p l a s m a  m e m b r a n e  a s  a  r e s u l t  o f  r a p i d  e x t r a c t i o n  o f  
g l y c e r o l  ( A l l e n  &  B o b r ,  1 9 5 5 ;  W e s t f a l l  &  H o w a r t h ,  1 9 7 7 ) .
T h e  r e s u l t s  o b t a i n e d  f r o m  t h i s  s t u d y  i n d i c a t e  t h a t  s e v e r a l  
s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  a r e  l o s t  a t  r o o m  
t e m p e r a t u r e  f r o m  c h i c k e n  s p e r m a t o z o a  a s  a  r e s u l t  o f  
e x p o s u r e  t o  b u f f e r  c o n t a i n i n g  5 %  g l y c e r o l  ( a  c o n c e n t r a t i o n  
l o w e r  t h a n  t h a t  u s e d  i n  t h e  c r y o p r e s e r v a t i o n  o f  
s p e r m a t o z o a ) ,  w h i c h  a r e  n o t  l o s t  f r o m  c o n t r o l  s p e r m a t o z o a  
( s e e  3 .  4 .  4 .  2 .  ) ,  c o n f i r m i n g  t h e  p o s t u l a t i o n  t h a t  g l y c e r o l
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m o d i f i e s  t h e  s p e r m  s u r f a c e  ( H a m m e r s t e d t  a n d  G r a h a m ,  1 9 9 1 ) .  
F u r t h e r m o r e ,  p r o t e i n s  w i t h  m o l e c u l a r  w e i g h t s  o f  2 1  a n d  
2 5  k d  a p p e a r  t o  b e  r e m o v e d  i n  a  g l y c e r o l  
c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r .
H o w e v e r ,  t h e  p r e s e n c e  o f  g l y c e r o l  a p p e a r s  t o  h a v e  
p r e v e n t e d  t h e  e x t r a c t i o n  o f  t h e  6 3  k d  p r o t e i n  f r o m  t h e  
s p e r m  s u r f a c e .  T h e  p r o t e c t i o n  o f  c e l l  s u r f a c e  p r o t e i n s  b y  
g l y c e r o l  h a s  p r e v i o u s l y  b e e n  r e p o r t e d  b y  B a l i a s  ( 1 9 8 1 ) ,  
w h o  s h o w e d  t h a t  t h e  p r e s e n c e  o f  g l y c e r o l  p r e v e n t e d  e l u t i o n  
o f  g l y c e r a l d e h y d e - 3 - p h o s p h a t e  d e h y d r o g e n a s e  f r o m  t h e  
s u r f a c e  o f  e r y t h r o c y t e s  b y  h y p e r t o n i c  b u f f e r s .
W e a k e r  p r o t e i n  b a n d  s t a i n i n g  o n  e l e c t r o p h o r e t i c  p r o f i l e s  
o f  s p e r m  s u r f a c e  w a s h i n g s  o b t a i n e d  f r o m  e x p o s u r e  o f  
s p e r m a t o z o a  t o  g l y c e r o l  a t  5  ° C  i n d i c a t e s  a  t e m p e r a t u r e -  
d e p e n d e n c y  f o r  t h e  p r o t e i n  e x t r a c t i n g  a c t i v i t y  o f  
g l y c e r o l ,  a l t h o u g h  e x t r a c t i o n  o f  p r o t e i n s  b y  i s o t o n i c  
b u f f e r  a p p e a r s  r e l a t i v e l y  t e m p e r a t u r e - i n d e p e n d e n t .
S p e r m  i n t e g r i t y  w a s  r e t a i n e d  f o l l o w i n g  g l y c e r o l  r e m o v a l  a t  
r o o m  t e m p e r a t u r e ,  a s  a s s e s s e d  b y  m e a s u r e m e n t  o f  c e l l u l a r  
A T P  c o n c e n t r a t i o n ,  s p e r m  m o r p h o l o g y  a n d  e o s i n  e x c l u s i o n ,  
b u t  m o t i l i t y  w a s  r e d u c e d  i n  a  g l y c e r o l  c o n c e n t r a t i o n  
r e l a t e d  m a n n e r  ( s e e  3 .  4 .  4 .  1 .  ) .  S p e r m  i n t e g r i t y  w a s  a l s o  
m a i n t a i n e d  a f t e r  e x p o s u r e  t o  g l y c e r o l  a t  5  ° C ,  w i t h  o n l y  
s p e r m a t o z o a  e x p o s e d  t o  8 . 0 %  g l y c e r o l  e x h i b i t i n g  a  
s i g n i f i c a n t  r e d u c t i o n  i n  m o t i l i t y  ( s e e  3 .  4 .  4 .  1 .  ) .  S u c h  
r e s u l t s  w o u l d  a p p e a r  t o  c o n t r a d i c t  f i n d i n g s  f r o m  p r e v i o u s
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s t u d i e s .  B a k s t  a n d  H o w a r t h  ( 1 9 7 7 a )  a n d  M a r q u e z  a n d  
O g a s a w a r a  ( 1 9 7 7 )  r e p o r t e d  p l a s m a  m e m b r a n e  d i s r u p t i o n  a f t e r  
i n c u b a t i o n  o f  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  r e s p e c t i v e l y ,  
w i t h  m e d i a  c o n t a i n i n g  g l y c e r o l .  H o w e v e r ,  i n  b o t h  c a s e s ,  
c o n s i d e r a b l y  h i g h e r  g l y c e r o l  c o n c e n t r a t i o n s  ( 1 5 %  f o r  
c h i c k e n ,  1 2 .  5 %  f o r  t u r k e y )  w e r e  u s e d  t h a n  i n  t h i s  s t u d y .  
F u r t h e r m o r e ,  t h e  e x p e r i m e n t a l  p r o t o c o l  d e s c r i b e d  b y  
M a r q u e z  a n d  O g a s a w a r a  ( 1 9 7 7 )  d i d  n o t  i n c l u d e  t h e  d u r a t i o n  
o f  e x p o s u r e  t o  g l y c e r o l  o r  t h e  t e m p e r a t u r e  a t  w h i c h  t h e  
i n c u b a t i o n  w a s  c a r r i e d  o u t .  H o w e v e r ,  b o t h  s t u d i e s
u t i l i s e d  e l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  o f  s p e r m a t o z o a  
a t  h i g h  m a g n i f i c a t i o n s ,  a n d  i t  i s  t h u s  p o s s i b l e  t h a t  
s u b t l e  p l a s m a  m e m b r a n e  d a m a g e  w a s  n o t  i d e n t i f i e d  b y  l i g h t  
m i c r o s c o p i c  e x a m i n a t i o n  i n  t h i s  s t u d y .  W e s t f a l l  a n d  
H o w a r t h  ( 1 9 7 8 )  r e p o r t e d  t h e  r e l e a s e  o f  g l u t a m i c  
o x a l o a c e t i c  t r a n s a m i n a s e ,  a s  a n  i n d i c a t o r  o f  p l a s m a  
m e m b r a n e  d a m a g e ,  a f t e r  r e m o v a l  o f  g l y c e r o l  f r o m  c h i c k e n  
s p e r m a t o z o a .  H o w e v e r ,  s p e r m a t o z o a  w e r e  h e l d  i n  g l y c e r o l  
c o n t a i n i n g  m e d i a  f o r  2  h o u r s  p r i o r  t o  c e n t r i f u g a t i o n ,  
c o m p a r e d  w i t h  t h e  1 5  m i n u t e  i n c u b a t i o n  u s e d  i n  t h i s  s t u d y .
T h e  g e n e r a l  r e d u c t i o n  i n  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n  
r e m o v a l  b y  g l y c e r o l  a t  5  ° C  a n d  t h e  c o r r e s p o n d i n g  
m a i n t e n a n c e  o f  s p e r m  m o t i l i t y  m i g h t  s u g g e s t  a  d i r e c t  
r e l a t i o n s h i p  b e t w e e n  r e d u c t i o n  i n  m o t i l i t y  a n d  s p e r m  
s u r f a c e  a s s o c i a t e d  p r o t e i n  r e m o v a l .  H o w e v e r ,  t h e  l a c k  o f  
p r o t e i n  r e m o v a l  b y  0 .  5  a n d  2 .  0 %  g l y c e r o l  a t  r o o m  
t e m p e r a t u r e  w o u l d  a p p e a r  t o  c o n t r a d i c t  t h i s  h y p o t h e s i s ,  
g i v e n  t h a t  s p e r m  m o t i l i t y  w a s  r e d u c e d  a t  t h e s e
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c o n c e n t r a t i o n s ,  a l t h o u g h  a n  i n d i r e c t  r e l a t i o n s h i p  v i a  
d i s r u p t i o n  o f  p l a s m a  m e m b r a n e  c a t i o n  t r a n s p o r t  i s  
p o s s i b l e .  C a l c i u m  s t i m u l a t e s  c h i c k e n  s p e r m  m o t i l i t y  w h e n  
p r e s e n t  a t  a n  e x t r a c e l l u l a r  c o n c e n t r a t i o n  o f  2  mM o r  
g r e a t e r  ( W i s h a r t  &  A s h i z a w a ,  1 9 8 7 ) .  W e s t f a l l  a n d  H o w a r t h  
( 1 9 7 7 )  r e p o r t e d  s i g n i f i c a n t l y  l o w e r  c a l c i u m  a n d  m a g n e s i u m  
c o n c e n t r a t i o n s  i n  u n f r o z e n  c h i c k e n  s p e r m a t o z o a  f o l l o w i n g  
t h e  r e m o v a l  o f  1 5 %  g l y c e r o l  b y  c e n t r i f u g a t i o n  t h a n  i n  
n o n - g l y c e r o l i s e d  s p e r m a t o z o a ,  s u g g e s t i n g  a  d i s t u r b a n c e  o f  
c a l c i u m  t r a n s p o r t  a c r o s s  t h e  p l a s m a  m e m b r a n e  w h i c h  c o u l d  
p o s s i b l y  a c c o u n t  f o r  t h e  a p p a r e n t  g l y c e r o l  c o n c e n t r a t i o n  
r e l a t e d  r e d u c t i o n  i n  s p e r m  m o t i l i t y  o b s e r v e d ,  p o s s i b l y  v i a  
t h e  a l t e r a t i o n  o f  p l a s m a  m e m b r a n e  p o r e  s t r u c t u r e s  ( s e e  
H a m m e r s t e d t  &  G r a h a m ,  1 9 9 1 ) .
B a k s t  a n d  H o w a r t h  ( 1 9 7 7 a ) ,  u s i n g  e l e c t r o n  m i c r o s c o p y ,  
r e p o r t e d  n o  d i f f e r e n c e  i n  t h e  b i n d i n g  p a t t e r n s  o f  H R P  
c o n j u g a t e d  C o n A  o r  c a t i o n i s e d  f e r r i t i n  t o  c o n t r o l  c h i c k e n  
s p e r m a t o z o a  o r  s p e r m a t o z o a  e x p o s e d  t o  1 5 %  g l y c e r o l ,  a n d  
s u b s e q u e n t l y  c o n c l u d e d  t h a t  l o s s  o f  f e r t i l i t y  f o l l o w i n g  
i n t r a v a g i n a l  i n s e m i n a t i o n  o f  g l y c e r o l  t r e a t e d  s p e r m a t o z o a  
w a s  n o t  a s s o c i a t e d  w i t h  a l t e r a t i o n  o f  s p e r m  s u r f a c e  
g l y c o p r o t e i n s  w h i c h  b i n d  C o n A  a n d  c a t i o n i s e d  f e r r i t i n .  
H o w e v e r ,  i t  i s  c l e a r  t h a t  t h e  r e m o v a l  o f  s p e r m  s u r f a c e  
a s s o c i a t e d  p r o t e i n s ,  i n c l u d i n g  g l y c o p r o t e i n s  a t  2 5  a n d  
5 3  k d  ( s e e  3 .  4 .  4 .  2 .  ,  3 .  1 .  4 .  1 .  ,  3 .  1 .  4 .  2 .  ) i s  e l i c i t e d  b y
g l y c e r o l  a t  c o n c e n t r a t i o n s  c o n s i d e r a b l y  l o w e r  t h a n  1 5 % .  A  
p o s s i b l e  e x p l a n a t i o n  f o r  r e s u l t s  o b t a i n e d  b y  B a k s t  a n d  
H o w a r t h  ( 1 9 7 7 a )  m i g h t  b e  d e r i v e d  f r o m  t h e  o b s e r v a t i o n  m a d e
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i n  t h i s  s t u d y  t h a t  C o n A  b i n d i n g  t o  t h e  s p e r m  s u r f a c e  
a p p e a r s  u n a f f e c t e d  b y  p o s t - t e s t i c u l a r  m a t u r a t i o n  ( s e e  
3 .  1 .  3 .  ) .  T h u s  r e m o v a l  o f  s p e r m  s u r f a c e - a s s o c i a t e d  
g l y c o p r o t e i n  i s  l i k e l y  t o  e x p o s e  s i m i l a r  u n d e r l y i n g  C o n A  
b i n d i n g  g r o u p s  o f  t e s t i c u l a r  o r i g i n .  T h i s  m a y  a l s o  b e  t h e  
c a s e  f o r  a n i o n i c  s i t e s  r e c o g n i s e d  b y  c a t i o n i s e d  f e r r i t i n .
G i v e n  t h e  c l e a r  i m p o r t a n c e  o f  s p e r m  s u r f a c e  a s s o c i a t e d  
p r o t e i n s  t o  s p e r m  f u n c t i o n  w i t h i n  t h e  o v i d u c t  a n d  t h e  
r e q u i r e m e n t  f o r  m o t i l i t y  i n  o r d e r  t o  t r a v e r s e  t h e  v a g i n a  
( T a k e d a ,  1 9 7 4 ) ,  i t  i s  p o s s i b l e  t h a t  s p e r m  s u r f a c e  p r o t e i n  
r e m o v a l  a n d  r e d u c t i o n  i n  m o t i l i t y  m a y  b e  i n v o l v e d  i n  t h e  
c o n t r a c e p t i v e  e f f e c t  o f  g l y c e r o l  i n  t h e  c h i c k e n  v a g i n a .
4 .  2 .  4 .  A s s a y s  o f  S p e r m  V i a b i l i t y
T h e  u s e  o f  m o t i l i t y ,  c e l l u l a r  A T P  a n d  e o s i n  e x c l u s i o n  t o  
a s s e s s  s p e r m  v i a b i l i t y  f o l l o w i n g  t r e a t m e n t  w i t h  h y p e r t o n i c  
b u f f e r s ,  n e u r a m i n i d a s e  o r  g l y c e r o l  w o u l d  a p p e a r  v a l i d ,  
s i n c e  t h e s e  f u n c t i o n s  r e q u i r e  a n  i n t a c t  a x o n e m e  a n d  
p l a s m a  m e m b r a n e ,  a n d  c o u p l e d  m i t o c h o n d r i a .  I n  n o r m a l  
e j a c u l a t e s  f r o m  i n d i v i d u a l  b i r d s  t h e s e  f u n c t i o n s  a r e  
h i g h l y  c o r r e l a t e d  w i t h  s p e r m  f e r t i l i s i n g  a b i l i t y  ( W i s h a r t  
&  P a l m e r ,  1 9 8 5 ) .  H o w e v e r ,  w i t h  c r y o p r e s e r v e d  c h i c k e n  
s p e r m a t o z o a  t h e y  g r e a t l y  o v e r e s t i m a t e  f e r t i l i s i n g  a b i l i t y ,  
a n d  i n t e g r a l  d a m a g e  t o  s p e r m a t o z o a  i s  o n l y  r e v e a l e d  a f t e r  
p r o l o n g e d  i n c u b a t i o n  i n - v i t r o  ( W i s h a r t  &  P a l m e r ,  1 9 8 6 ) .
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I n  t h i s  s t u d y ,  t h e  p o o r  p e r fo rm a n c e  o f  w ashed  and
h y p e r t o n i c  b u f f e r - t r e a t e d  ( 0 . 2 0  a n d  0 .  2 5 M  N a C l )  
s p e r m a t o z o a  i n - v i v o , a n d  t h e  r e d u c e d  m o t i l i t y  o f  g l y c e r o l  
t r e a t e d  s p e r m a t o z o a  i n - v i t r o  c o u l d  n o t  b e  s h o w n  t o  b e  t h e  
r e s u l t  o f  l a t e n t  d a m a g e  t o  s p e r m a t o z o a ,  w h i c h  m a i n t a i n e d  
n o r m a l  A T P  c o n c e n t r a t i o n s  i n - v i t r o  d u r i n g  p r o l o n g e d  
i n c u b a t i o n  a t  4 0  ° C .
S p e r m a t o z o a  t r e a t e d  w i t h  n e u r a m i n i d a s e  e x h i b i t e d  a  
s i g n i f i c a n t  r e d u c t i o n  i n  A T P  c o n c e n t r a t i o n  b e t w e e n  2 0  a n d  
8 0  m i n u t e s  i n c u b a t i o n  a t  4 0  ° C .  H o w e v e r ,  a  c o r r e s p o n d i n g  
r e d u c t i o n  i n  c o n t r o l  s p e r m  A T P  c o n c e n t r a t i o n s  w o u l d  
s u g g e s t  t h a t  i n c r e a s e d  h a n d l i n g  o f  s p e r m a t o z o a  c o m p a r e d  
w i t h  t h a t  d u r i n g  h y p e r t o n i c  b u f f e r  o r  g l y c e r o l  t r e a t m e n t  
p r o t o c o l s  m a y  h a v e  b e e n  a  m a j o r  c a u s i t i v e  f a c t o r .
4 .  2 .  5 .  S i t e  o f  O v i d u c a l  S p e r m  S e l e c t i o n  i n  t h e  C h i c k e n
T u r k e y  a n d  c h i c k e n  s p e r m a t o z o a  e x h i b i t  s i m i l a r
m o r p h o l o g i c a l  ( L a k e  &  W i s h a r t ,  1 9 8 4 )  a n d  m o t i l i t y  ( W i s h a r t  
&  R o s s ,  1 9 8 5 )  c h a r a c t e r i s t i c s .  M o r r i s  e t  a l . ( 1 9 8 7 )  
r e p o r t e d  t h a t  t u r k e y  s p e r m a t o z o a  e x p o s e d  t o  a n  a n t i s e r u m  
r a i s e d  a g a i n s t  c h i c k e n  d u c t u s  d e f e r e n s  s e m i n a l  p l a s m a  
p r o t e i n s  w e r e  s t a i n e d  s i m i l a r l y  t o  h o m o l o g o u s  c h i c k e n  
s p e r m a t o z o a ,  s u g g e s t i n g  s h a r e d  s p e r m  s u r f a c e  a n t i g e n i c i t y .  
H o w e v e r ,  t h e  f i n d i n g  i n  t h i s  s t u d y  t h a t  a n  a n t i s e r u m  
r a i s e d  a g a i n s t  c h i c k e n  e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s  
c o n t i n u e d  t o  b i n d  e x t e n s i v e l y  t o  t h e  c h i c k e n  s p e r m  s u r f a c e
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f o l l o w i n g  e x h a u s t i v e  a b s o r p t i o n  w i t h  t u r k e y  s p e r m a t o z o a  
( s e e  3 .  5 .  3 .  1 .  ) ,  i n d i c a t e s  t h a t  c h i c k e n  s p e r m a t o z o a  h a v e  
s u r f a c e  e p i t o p e s  d i s t i n c t  f r o m  t h o s e  o n  t u r k e y
s p e r m a t o z o a .
H e t e r o l o g o u s  i n s e m i n a t i o n s  o f  t u r k e y  s p e r m a t o z o a  i n t o  
c h i c k e n  h e n s  w e r e  c a r r i e d  o u t  t o  p r o d u c e  a n  e x a g g e r a t e d  
c h a l l e n g e  t o  t h e  s p e r m  s e l e c t i o n  m e c h a n i s m  p r e s e n t  i n  t h e  
p o s t e r i o r  r e g i o n  o f  t h e  f e m a l e  r e p r o d u c t i v e  t r a c t .  T h e  
r e s u l t s  o b t a i n e d  ( s e e  3 .  5 .  3 .  3 .  ) ,  a n d  t h o s e  o b t a i n e d  f r o m  
t h e  i n c u b a t i o n  o f  t u r k e y  s p e r m a t o z o a  w i t h  c h i c k e n  S S T s  
i n - v i t r o  ( s e e  3 .  5 .  3 .  2 .  ) ,  d e m o n s t r a t e  t h a t  o n  t h e  b a s i s  o f  
a  c o m p a r i s o n  o f  t h e i r  a c c e s s  t o  c h i c k e n  a n d  t u r k e y  
s p e r m a t o z o a ,  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  o f  t h e  c h i c k e n  
h e n  d o  n o t  e x h i b i t  a n y  s e l e c t i v i t y  f o r  t h e i r  h o m o l o g o u s  
s p e r m a t o z o a  e i t h e r  i n - v i t r o  o r  i n - v i v o . H o w e v e r ,
s e l e c t i o n  a g a i n s t  h e t e r o l o g o u s  t u r k e y  s p e r m a t o z o a  d o e s  
a p p e a r  t o  t a k e  p l a c e  i n  t h e  v a g i n a ,  w h i c h  p e r m i t s  
m i g r a t i o n  o f  c h i c k e n  b u t  n o t  t u r k e y  s p e r m a t o z o a .
T h e s e  f i n d i n g s  a r e  s u p p o r t e d  b y  p r e v i o u s  e x p e r i m e n t s  
c a r r i e d  o u t  b y  T a k e d a  ( 1 9 7 4 )  w h o  o b s e r v e d  t h a t  b o v i n e  
s p e r m a t o z o a  d i d  n o t  m i g r a t e  t h r o u g h  t h e  v a g i n a  o f  c h i c k e n  
h e n s ,  a n d  N a s h  e t  a l . ( 1 9 8 6 )  w h o  r e p o r t e d  e n t r y  o f  b o v i n e  
s p e r m a t o z o a  t o  c h i c k e n  u t e r o v a g i n a l  j u n c t i o n  S S T s  
i n - v i t r o .
T h e  e x i s t e n c e  o f  a  v a g i n a l  s p e r m  s e l e c t i n g  m e c h a n i s m  
i n v o k e s  t h e  q u e s t i o n  o f  t h e  b a s i s  u p o n  w h i c h  s p e r m a t o z o a
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a r e  s e l e c t e d .  T a k e d a  ( 1 9 7 4 )  c o n s i d e r e d  t h a t  s p e r m a t o z o a  
w e r e  s e l e c t e d  f o r  t r a n s v a g i n a l  m i g r a t i o n  o n  t h e  b a s i s  o f  
t h e i r  m o t i l i t y ,  s i n c e  d e a d  ( i m m o t i l e )  s p e r m a t o z o a  d i d  n o t  
p a s s  t h r o u g h  t h e  v a g i n a .  I n  t h i s  s t u d y ,  t u r k e y
s p e r m a t o z o a  a p p e a r e d  v i g o r o u s l y  m o t i l e  i n - v i t r o  a n d  w e r e  
c l e a r l y  s u f f i c i e n t l y  a c t i v e  t o  e n t e r  c h i c k e n  u t e r o v a g i n a l  
j u n c t i o n  S S T s  i n - v i t r o  a n d  i n - v i v o  ( s e e  3 .  5 .  3 .  2 .  ,  
3 .  5 .  3 .  3 .  ) .
W h i l s t  i t  i s  n o t  p o s s i b l e  t o  a s c e r t a i n  t h e  m o t i l i t y  o f  
t u r k e y  s p e r m a t o z o a  i n  t h e  c h i c k e n  v a g i n a  i n - v i v o , i t  s e e m s  
u n l i k e l y  t h a t  c o n d i t i o n s  o f  i o n i c  m i l i e u ,  p H ,  s u b s t r a t e ,  
o r  o x y g e n  t e n s i o n  w i t h i n  t h e  v a g i n a  w o u l d  a f f e c t  
s p e r m a t o z o a  o f  t h e  2  s p e c i e s  d i f f e r e n t l y .  A l t h o u g h  
c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  d i f f e r  i n  t h e i r  e n e r g y  
m e t a b o l i s m  i n  t h a t  t u r k e y ,  b u t  n o t  c h i c k e n  s p e r m a t o z o a ,  
h a v e  a n  o b l i g a t o r y  r e q u i r e m e n t  f o r  o x y g e n  t o  m a i n t a i n  
o p t i m a l  A T P  c o n c e n t r a t i o n s  ( W i s h a r t ,  1 9 8 2 ) ,  t h e  o x y g e n  
t e n s i o n  o f  t h e  c h i c k e n  a n d  t u r k e y  v a g i n a  a s  d e t e r m i n e d  i n  
t h i s  s t u d y  ( P 0 2 =  5 8  ±  1  f o r  t u r k e y  a n d  5 1  ±  7  f o r  
c h i c k e n )  ( S t e e l e  &  W i s h a r t ,  1 9 9 2 )  w o u l d  b e  s u f f i c i e n t  t o  
s u p p o r t  o x i d a t i v e  m e t a b o l i s m  o f  s p e r m a t o z o a  f r o m  b o t h  
s p e c i e s .  T h e  s p e r m a t o z o a  a l s o  h a v e  t h e i r  o w n  i n t e r n a l  
o x i d a t i v e  s u b s t r a t e  ( W i s h a r t ,  1 9 8 2 )  a n d  s o  w o u l d  s e e m  
u n l i k e l y  t o  r e q u i r e  t h i s  f r o m  t h e  v a g i n a .  F u r t h e r m o r e ,  
w h i l s t  c h i c k e n  b u t  n o t  t u r k e y  ( W i s h a r t ,  1 9 8 4 a )  s p e r m a t o z o a  
b e c o m e  i m m o t i l e  i n - v i t r o  i n  s i m p l e  b u f f e r s  a t  t h e  a v i a n  
b o d y  t e m p e r a t u r e  o f  4 0 - 4 1  ° C  ( A s h i z a w a  &  W i s h a r t ,  1 9 8 7 ) ,  
t h e  c a l c i u m  c o n t e n t  o f  m o s t  b o d y  f l u i d s ,  a n d  c e r t a i n l y
275
t h a t  e x t r u d e d  f r o m  t h e  v a g i n a  a t  o v i p o s i t i o n ,  w o u l d  b e  
s u f f i c i e n t  t o  m a i n t a i n  c h i c k e n  s p e r m  m o t i l i t y  a t  4 0  ° C  
( W i s h a r t  &  A s h i z a w a ,  1 9 8 7 ) .  T h e  p H  o f  t h e  c h i c k e n  a n d  
t u r k e y  v a g i n a  a r e  a l s o  s i m i l a r  ( B a k s t ,  1 9 8 0 b ) .
4 .  2 .  6 .  P h v s i o l o c r i c a l  B a s i s  o f  V a g i n a l  S p e r m  S e l e c t i o n
i n  t h e  C h i c k e n
I t  i s  c l e a r  t h a t  c h i c k e n  i m m u n o g l o b u l i n  b i n d s  t o  t h e  
s u r f a c e  o f  a  l a r g e  p r o p o r t i o n  o f  i n t r a v a g i n a l l y
i n s e m i n a t e d  h o m o l o g o u s  o r  h e t e r o l o g o u s  s p e r m a t o z o a  w i t h i n  
t h e  i n i t i a l  2 0  m i n u t e  p e r i o d  f o l l o w i n g  i n s e m i n a t i o n ,  t h a t  
a  s l i g h t l y  s m a l l e r  p r o p o r t i o n  a r e  d e a d ,  a n d  t h a t  t h e s e  
p r o p o r t i o n s  i n c r e a s e  w i t h  e l a p s e d  t i m e  f o l l o w i n g  
i n s e m i n a t i o n  ( s e e  3 .  5 .  4 .  1 .  ) .  V a g i n a l  l a v a g e  w a s  c a r r i e d  
o u t  i n i t i a l l y  2 0  m i n u t e s  f o l l o w i n g  i n s e m i n a t i o n ,  i n  l i g h t  
o f  a  r e p o r t  b y  H o w a r t h  ( 1 9 7 1 ) ,  t h a t  m o r e  t h a n  8 0 %  o f  
i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  a r e  m e c h a n i c a l l y  
e j e c t e d  f r o m  t h e  c h i c k e n  v a g i n a  w i t h i n  1 5  m i n u t e s  o f  
i n s e m i n a t i o n  w i t h  h o m o l o g o u s  s p e r m a t o z o a .  T h u s  t h e
c o n t e n t s  o f  t h e  v a g i n a  d u r i n g  t h e  i n i t i a l  1 5  m i n u t e  p e r i o d  
f o l l o w i n g  i n s e m i n a t i o n  a r e  l i k e l y  t o  b e  i n  a  c o n s i d e r a b l y  
g r e a t e r  s t a t e  o f  f l u x  t h a n  a t  t i m e s  f o l l o w i n g  t h i s  p e r i o d ,  
m a k i n g  a s s e s s m e n t  o f  s p e r m  s e l e c t i o n  m e c h a n i s m s  d i f f i c u l t  
t o  s t u d y .
K i m i j i m a  e t  a l . ( 1 9 9 0 )  r e p o r t e d  r o u g h l y  e q u i v a l e n t  n u m b e r s  
o f  I g G -  a n d  I g A - c o n t a i n i n g  c e l l s  i n  t h e  c h i c k e n  v a g i n a l
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m u c o s a .  T h e  r a b b i t  a n t i  c h i c k e n  I g G  u s e d  i n  t h i s  s t u d y  
c r o s s - r e a c t s  w i t h  I g A  ( S i g m a  C h e m i c a l s ,  p e r s o n a l  
c o m m u n i c a t i o n )  a n d  c o n s e q u e n t l y  r e c o g n i s e s  b o t h  i s o t y p e s .  
I n  m a m m a l s ,  b o t h  I g G  a n d  I g A  a r e  p r e s e n t  i n  t h e  s e c r e t i o n s  
o f  t h e  f e m a l e  r e p r o d u c t i v e  t r a c t  ( B e e r  &  N e a v e s ,  1 9 7 8 ;  
M e n g e  &  B e h r m a n ,  1 9 8 0 ;  C r o p p  &  S c h l a f f ,  1 9 9 0 ) .  A l t h o u g h  
I g G  h a s  b e e n  i m p l i c a t e d  a s  t h e  m a j o r  s p e r m - b i n d i n g  i s o t y p e  
i n  t h e  o v i d u c t  ( A u s t i n ,  1 9 6 0 ;  C o h e n  &  W e r r e t t ,  1 9 7 5 ;  
A l l e n  &  B o u r n e ,  1 9  7 8 ;  T a y l o r ,  1 9 8 2 b ) ,  I g A  c a n  b i n d  
a n t i g e n s  e f f i c i e n t l y  a n d  c a n  a c t i v a t e  c o m p l e m e n t  v i a  t h e  
a l t e r n a t i v e  p a t h w a y  ( s e e  U n d e r d o w n  &  S c h i f f ,  1 9 8 6 ) .  T h u s  
i t  i s  p o s s i b l e  t h a t  e i t h e r  o r  b o t h  i s o t y p e s  w e r e  p r e s e n t  
o n  s p e r m a t o z o a  s t a i n e d  w i t h  a n t i c h i c k e n  I g G .
A u s t i n  ( 1 9 6 0 ) ,  S y m o n s  ( 1 9 6 7 ) ,  C o h e n  a n d  W e r r e t t  ( 1 9 7 5 )  a n d  
C o h e n  a n d  T y l e r  ( 1 9 8 0 )  i d e n t i f i e d  p r e s u m e d  s u b p o p u l a t i o n s  
o f  m a m m a l i a n  s p e r m a t o z o a  b y  t h e  p r e s e n c e  o r  a b s e n c e  o f  I g G  
b o u n d  t o  t h e  a c r o s o m e  b y  t h e  F c  r e g i o n  ( C o h e n ,  1 9 7 8 ;  
A l l e n  & B o u r n e ,  1 9 7 8 ) .  H o w e v e r ,  T a y l o r  ( 1 9 8 2 a )  a n d  
H a n c o c k  ( 1 9 8 4 )  s u g g e s t e d  t h a t  l a c k  o f  I g G  b i n d i n g  t o  
' s e l e c t e d '  s p e r m a t o z o a  m a y  b e  d u e  t o  l o s s  o f  a c r o s o m e s .  
I n  t h i s  s t u d y  h o w e v e r ,  m o s t  i m m u n o g l o b u l i n  b i n d i n g  
o c c u r r e d  o v e r  a r e a s  o f  t h e  f l a g e l l u m ,  w i t h  l i t t l e  
r e c o g n i s a b l e  a c r o s o m a l  b i n d i n g ,  a n d  t h e r e f o r e  c a n n o t  b e  
r a t i o n a l i s e d  i n  t h e  s a m e  m a n n e r .
C h i c k e n  i m m u n o g l o b u l i n  o n  t h e  s u r f a c e  o f  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  c h i c k e n  v a g i n a  w a s  d e t e c t e d  i n  t h i s  
s t u d y  b y  i n d i r e c t  i m m u n o f l u o r e s c e n c e  o f  s p e r m a t o z o a  i n
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s u s p e n s i o n .  P r e v i o u s  u s e  o f  i n d i r e c t  i m m u n o f l u o r e s c e n c e  
o n  s m e a r s  o f  w a s h e d  a n d  m e t h a n o l - f i x e d  m a m m a l i a n  
s p e r m a t o z o a  g a v e  p o o r  r e s u l t s ,  d u e  t o  h i g h  n o n - s p e c i f i c  
b a c k g r o u n d  s t a i n i n g ,  a n d  a  l a c k  o f  c o r r e l a t i o n  o f  
i m m u n o f l u o r e s c e n c e  d e t e c t e d  o n  t h e  s p e r m  s u r f a c e  w i t h  
s p e r m  s u r f a c e  i m m u n o g l o b u l i n s  d e t e c t e d  w i t h  s p e r m  
a g g l u t i n a t i o n  a n d  s p e r m  i m m o b i l i s a t i o n  t e s t s  ( s e e  
F r a n c a v i l l a  e t  a l . . 1 9 8 7 ) .  R a s a n e n  e t  a l . ( 1 9 9 2 )  h a v e  
s u g g e s t e d  t h a t  f i x a t i o n  m a y  a l t e r  m a m m a l i a n  s p e r m  s u r f a c e  
a n t i g e n s  a n d  i n f l u e n c e  i m m u n o f l u o r e s c e n t  s t a i n i n g  o f  
s p e r m a t o z o a .  F u r t h e r m o r e ,  u n f i x e d  s p e r m  s m e a r s  p r o d u c e d  
n e g a t i v e  r e s u l t s  ( s e e  F r a n c a v i l l a  e t  a l . . 1 9 8 7 ) .  H o w e v e r ,  
F r a n c a v i l l a  e t  a l . ( 1 9 8 7 )  r e p o r t e d  g o o d  c o r r e l a t i o n  
b e t w e e n  s p e r m  s u r f a c e  i m m u n o g l o b u l i n s  d e t e c t e d  b y  
i m m u n o f l u o r e s c e n c e  a n d  i m m u n o g l o b u l i n s  d e t e c t e d  u s i n g  
s p e r m  a g g l u t i n a t i o n  t e s t s ,  u s i n g  a n  i n d i r e c t  
i m m u n o f l u o r e s c e n c e  t e c h n i q u e  o n  u n f i x e d  h u m a n  s p e r m a t o z o a  
i n  s u s p e n s i o n .
T h e  l a c k  o f  a n t i c h i c k e n  I g G  b i n d i n g  t o  n o n - i n s e m i n a t e d  
c o n t r o l  s p e r m a t o z o a  i n d i c a t e s  t h a t  c h i c k e n  i m m u n o g l o b u l i n  
o b s e r v e d  o n  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  b y  
l a v a g e  i s  o f  v a g i n a l  o r i g i n .  F u r t h e r m o r e ,  t h e  f a c t  t h a t  
8 2 .  1  ±  2 .  1 %  o f  d e a d  a n d  o n l y  7 .  7  ±  3 .  4 %  o f  l i v i n g  c h i c k e n  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  b y  l a v a g e  2 0  m i n u t e s  
f o l l o w i n g  i n s e m i n a t i o n  h a d  c h i c k e n  i m m u n o g l o b u l i n  b o u n d  t o  
t h e i r  s u r f a c e  ( s e e  3 .  5 .  4 .  2 . ) ,  s t r o n g l y  s u g g e s t s  t h a t  t h e  
b i n d i n g  o f  c h i c k e n  i m m u n o g l o b u l i n  t o  t h e  s p e r m  s u r f a c e  i s  
c l o s e l y  r e l a t e d  t o  s p e r m  d e a t h .
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T h e  r e c o v e r y  o f  a n  a v e r a g e  o f  3 .  0  ±  0 .  6  X  1 0 6 s p e r m a t o z o a  
b y  v a g i n a l  l a v a g e  2 0  m i n u t e s  f o l l o w i n g  i n s e m i n a t i o n  w o u l d  
r e p r e s e n t  a r o u n d  1 0 %  o f  s p e r m a t o z o a  r e m a i n i n g  i n  t h e  
v a g i n a  a t  t h a t  t i m e .  T h i s ,  a l l i e d  w i t h  t h e  f a c t  t h a t  
s p e r m a t o z o a  i n s e m i n a t e d  i n t r a v a g i n a l l y  b e g i n  t o  r e a c h  t h e  
u t e r o v a g i n a l  j u n c t i o n  b e t w e e n  1 5  a n d  6 0  m i n u t e s  f o l l o w i n g  
i n s e m i n a t i o n  ( A l l e n  &  G r i g g ,  1 9 5 7 ;  B o b r  e t  a l . ,  1 9 6 4 b ;
T a k e d a ,  1 9 7 4 ) ,  i n d i c a t e s  t h a t  s p e r m a t o z o a  r e c o v e r e d  f r o m  
t h e  v a g i n a  2 0  m i n u t e s  f o l l o w i n g  i n s e m i n a t i o n  w e r e  l i k e l y  
t o  b e  r e p r e s e n t a t i v e  o f  t h e  v a g i n a l  s p e r m  p o p u l a t i o n  a s  a  
w h o l e .
F o l l o w i n g  t h e  i n i t i a l  m a s s  e j e c t i o n  o f  s p e r m a t o z o a  f r o m  
t h e  v a g i n a ,  o n l y  a p p r o x i m a t e l y  6 %  o f  t h o s e  r e m a i n i n g  w o u l d  
u l t i m a t e l y  b e  s t o r e d  i n  t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  a n d  
p o t e n t i a l l y  f e r t i l i s e  e g g s .  T h u s ,  g i v e n  t h e  r a p i d i t y  w i t h  
w h i c h  s p e r m a t o z o a  c a n  t r a v e r s e  t h e  v a g i n a ,  s o m e  v e r y  
e f f i c i e n t  s y s t e m  m u s t  b e  r e s p o n s i b l e  f o r  t h e  e l i m i n a t i o n  
o f  t h e  o t h e r  9 4 % .  T a k e d a  ( 1 9 7 4 )  p o s t u l a t e d  t h a t  s u c h  
s p e r m  s e l e c t i o n  w a s  d u e  t o  s p e r m  m o t i l i t y .  H o w e v e r ,  i n  
t h i s  s t u d y ,  s p e r m a t o z o a  t r e a t e d  w i t h  h y p e r t o n i c  b u f f e r  a n d  
n e u r a m i n i d a s e  e x h i b i t e d  r e d u c e d  a c c e s s  i n - v i v o  t o  t h e  
n e w l y  o v u l a t e d  e g g  a n d  u t e r o v a g i n a l  j u n c t i o n  S S T s  
r e s p e c t i v e l y  ( s e e  3 .  4 .  1 .  3 .  ,  3 .  4 .  3 .  3 .  ) ,  a l t h o u g h  s p e r m
i n t e g r i t y ,  a n d  m o t i l i t y ,  w e r e  r e t a i n e d  ( s e e  3 .  4 .  1 .  1 .  , 
3 .  4 .  3 .  2 .  ) ,  i n d i c a t i n g  t h a t  t h e  s p e r m  s e l e c t i o n  p r o c e s s  c a n  
b e  i n f l u e n c e d  w i t h o u t  a n y  o b s e r v e d  c h a n g e  i n  m o t i l i t y  a t  
t h e  p o i n t  o f  i n s e m i n a t i o n .  R e d u c e d  m o t i l i t y  w o u l d
h o w e v e r ,  r e s u l t  f r o m  a n y  o v i d u c a l  s p e r m  s e l e c t i o n  p r o c e s s ,
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a s  a  r e s u l t  o f  s p e r m  i m m o b i l i s a t i o n ,  d i r e c t  i n j u r y  o r  c e l l  
d e a t h .
A s  p r e v i o u s l y  m e n t i o n e d  ( s e e  4 . 2 . 5 .  ) ,  t h e  p h y s i c a l  
c o n d i t i o n s  w i t h i n  t h e  c h i c k e n  v a g i n a  a r e  u n l i k e l y  t o  
s t r e s s  s p e r m a t o z o a  u n d u l y  d u r i n g  t r a n s v a g i n a l  m i g r a t i o n .  
H o w e v e r ,  g i v e n  t h e  a n a t o m i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  
v a g i n a ,  r e c t u m  a n d  c l o a c a  i n  d o m e s t i c  b i r d s ,  a n  e f f i c i e n t  
m u c o s a l  i m m u n e  s y s t e m  a t  t h e  v a g i n a  t o  p r o t e c t  t h e  o v i d u c t  
a g a i n s t  p o t e n t i a l l y  p a t h o g e n i c  m i c r o o r g a n i s m s  w o u l d  s e e m  a  
n e c e s s i t y ,  a n d  a  l o g i c a l  e x t e n s i o n  o f  t h i s  m i g h t  b e  t o  
e l i m i n a t e  i n s e m i n a t e d  s p e r m a t o z o a  o n  t h e  b a s i s  o f  t h e i r  
s u r f a c e  a n t i g e n i c i t y .
I t  w o u l d  s e e m  l o g i c a l  t h a t  i f  i m m u n o g l o b u l i n  b i n d i n g  o f  
t h e  s p e r m  s u r f a c e  w a s  a n  a c t i v e  e l e m e n t  o f  t h e  v a g i n a l  
s p e r m  s e l e c t i o n  p r o c e s s ,  t h e n  s u c h  a n  e v e n t  w o u l d  b e  
e x p e c t e d  t o  p r e c e d e  s p e r m  d e a t h .  T h u s  t h e  p e r c e n t a g e  o f  
s p e r m a t o z o a  w i t h  c h i c k e n  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  
s u r f a c e  w o u l d  b e  h i g h e r  t h a n  t h e  p e r c e n t a g e  s t a i n i n g  d e a d  
a t  a n y  g i v e n  t i m e  f o l l o w i n g  i n s e m i n a t i o n ,  a s  w a s  o b s e r v e d  
( s e e  3 .  5 .  4 . 1 . ) .
I t  h a s  p r e v i o u s l y  b e e n  p o s t u l a t e d  t h a t  m a m m a l i a n  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  a r e  n o n - a n t i g e n i c  i n  t h e  
f e m a l e  r e p r o d u c t i v e  t r a c t  a n d  h a v e  a  p r o t e c t i v e  f u n c t i o n ,  
m a s k i n g  s p e r m a t o z o a ,  a s  f o r e i g n  c e l l s ,  f r o m  t h e  l o c a l  
o v i d u c a l  i m m u n e  s y s t e m  ( s e e  J o h n s o n ,  1 9 7 3 ;  M e t a f o r a  e t  
a l . ,  1 9 8 9 ) .  I m m u n o l o g i c a l  r e c o g n i t i o n  o f  t h e  s p e r m
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s u r f a c e  b y  t h e  v a g i n a  m i g h t  t h e n  a r i s e  f r o m  i n c o m p l e t e  
c o a t i n g  o f  t h e  s p e r m  s u r f a c e  w i t h  e p i d i d y m a l  p r o t e i n s ,  o r  
l a c k  o f  m a s k i n g  o f  a n t i g e n i c  p r o t e i n s  e .  g . w i t h  s i a l i c  
a c i d  ( T o s h i m o r i  e t  a l . . 1 9 8 8 ,  1 9 9 1 ) .  S p e r m  s u r f a c e
a n t i g e n i c  h e t e r o g e n e i t y  w i t h i n  n o r m a l  s e m e n  s a m p l e s  h a s  
b e e n  r e p o r t e d  f o r  s e v e r a l  m a m m a l i a n  s p e c i e s ,  a s  a  r e s u l t  
o f  p r o b i n g  w i t h  a n t i s e r a  r a i s e d  a g a i n s t  s p e r m  s u r f a c e  
c o m p o n e n t s  ( G l a s s y  e t  a l . . 1 9 8 4 ;  s e e  M o o r e ,  1 9 9 0 ) ,  o r
w i t h  a n t i s p e r m  a n t i b o d i e s  ( L e n z i  e t  a l . . 1 9 8 8 ) .
S i m i l a r l y ,  T r u m m e l  e t  a l . ( 1 9 9 2 )  h a v e  d e m o n s t r a t e d  s p e r m  
s u r f a c e  a n t i g e n i c  h e t e r o g e n e i t y  i n  r a i n b o w  t r o u t  
s p e r m a t o z o a ,  u s i n g  s p e r m - s p e c i f i c  m o n o c l o n a l  a n t i b o d i e s .  
I n  t h i s  s t u d y ,  c h i c k e n  i m m u n o g l o b u l i n  b o u n d  f a i r l y  
u n i f o r m l y  t o  t h e  s u r f a c e  o f  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  
v a g i n a  b y  l a v a g e ,  o v e r  v a r i a b l e  b u t  c l e a r l y  d e m a r c a t e d  
a r e a s ,  i n d i c a t i n g  s p e r m  s u r f a c e  a n t i g e n i c  h e t e r o g e n e i t y .  
T h e  v a r i a b l e  s e g m e n t e d  i m m u n o g l o b u l i n  b i n d i n g  o b s e r v e d ,  i n  
c o n j u n c t i o n  w i t h  s p e r m  s u r f a c e  h e t e r o g e n e i t y  d e t e c t e d  
u s i n g  W G A  a n d  t h e  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s  ( s e e  3 .  1 .  2 .  ,  3 .  1 .  3 .  ) ,
i s  i n d i c a t i v e  o f  t h e  e x i s t e n c e  o f  s u b p o p u l a t i o n s  o f  
c h i c k e n  s p e r m a t o z o a ,  b a s e d  o n  t h e  s p e r m  s u r f a c e .
T u r k e y  s p e r m a t o z o a  i n s e m i n a t e d  i n t o  c h i c k e n  h e n s  p r o d u c e d  
s i m i l a r  r e s u l t s  t o  t h o s e  o b t a i n e d  f r o m  c h i c k e n  
s p e r m a t o z o a ,  i n  t h a t  t h e  p e r c e n t a g e  o f  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  v a g i n a  a t  a n y  g i v e n  t i m e  w i t h  c h i c k e n  
i m m u n o g l o b u l i n  b o u n d  w a s  g r e a t e r  t h a n  t h e  p e r c e n t a g e  
s t a i n i n g  d e a d .  H o w e v e r ,  t u r k e y  s p e r m a t o z o a  e x h i b i t e d
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m a x i m u m  i m m u n o g l o b u l i n  b i n d i n g  a n d  c e l l  d e a t h  c o n s i d e r a b l y  
e a r l i e r  t h a n  h o m o l o g o u s  c h i c k e n  s p e r m a t o z o a  ( s e e  
3 .  5 .  4 .  1 .  ) ,  p o s s i b l y  d u e  t o  t h e  p r e s e n t a t i o n  o f  
t u r k e y - s p e c i f i c  a n t i g e n s .
T h e  s e g m e n t a l  b i n d i n g  o f  c h i c k e n  i m m u n o g l o b u l i n  t o  c h i c k e n  
a n d  t u r k e y  s p e r m a t o z o a  m a y  b e  i n d i c a t i v e  o f  t h e
r e s t r i c t i o n  o f  i n d i v i d u a l  s p e r m  s u r f a c e  a s s o c i a t e d  
p r o t e i n s  t o  s p e c i f i c  r e g i o n s  o f  t h e  s p e r m  s u r f a c e ,  a s  h a s  
b e e n  o b s e r v e d  i n  m a m m a l s  ( H j o r t  e t  a l . . 1 9 8 2 ) ,  a n d
d i f f e r e n c e s  i n  t h e  l o c a t i o n  o f  c h i c k e n  i m m u n o g l o b u l i n  
b i n d i n g  o n  c h i c k e n  a n d  t u r k e y  s p e r m a t o z o a  c o n f i r m s  
a n t i g e n i c  d i f f e r e n c e s  b e t w e e n  t h e  s p e r m  s u r f a c e s  o f  t h e  
2 s p e c i e s .
H u m a n  s p e r m a t o z o a  p r e s e n t  a n  a n t i g e n i c a l l y  d i s t i n c t  
s u r f a c e  t o  t h a t  o f  c h i c k e n  s p e r m a t o z o a  ( s e e  3 . 5 . 2 . )  
( g e r b i l  s p e r m a t o z o a  w e r e  u n t e s t e d ) .  F o l l o w i n g  t h e  l o g i c  
a p p l i e d  t o  t h e  p e r f o r m a n c e  o f  t u r k e y  s p e r m a t o z o a  i n  t h e  
c h i c k e n  v a g i n a ,  m a m m a l i a n  s p e r m a t o z o a  m i g h t  b e  e x p e c t e d  t o  
b i n d  c h i c k e n  i m m u n o g l o b u l i n  m o r e  r a p i d l y ,  a s  a p p e a r e d  t o  
b e  t h e  c a s e  ( s e e  3 .  5 .  4 .  1 .  ) .
T h e  i n c r e a s e  w i t h  t i m e  o f  t h e  p e r c e n t a g e s  o f  v a g i n a l  
s p e r m a t o z o a  w i t h  i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e  a n d  
s t a i n i n g  d e a d  w o u l d  a p p e a r  l o g i c a l ,  g i v e n  t h a t  s p e r m a t o z o a  
s e l e c t e d  f o r  b y  t h e  v a g i n a  w o u l d  m i g r a t e  i n t o  t h e
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u t e r o v a g i n a l  j u n c t i o n ,  l e a v i n g  d e a d  o r  i m m o b i l i s e d  
s p e r m a t o z o a  t o  b e  c o n v e y e d  p o s t e r i o r l y  t h r o u g h  t h e  v a g i n a  
t o  t h e  c l o a c a  ( T a k e d a ,  1 9 7 4 ) .  H o w e v e r ,  i t  r e m a i n s  t o  b e  
e l u c i d a t e d  w h e t h e r  a l l  s p e r m a t o z o a  w h i c h  s t a i n  d e a d  a r e  
k i l l e d  w i t h i n  t h e  i n i t i a l  2 0  m i n u t e s  f o l l o w i n g  
i n s e m i n a t i o n  a n d  s u b s e q u e n t l y  r e m o v e d  f r o m  t h e  v a g i n a  
s l o w l y  o v e r  a n  e x t e n d e d  p e r i o d  o f  t i m e ,  o r  w h e t h e r  
s p e r m a t o z o a  h a v e  v a r y i n g  a b i l i t i e s  t o  e n d u r e  t h e  
c o n d i t i o n s  o f  t h e  v a g i n a  a n d  a r e  k i l l e d  s l o w l y  o v e r  a  
p e r i o d  o f  t i m e .  T h e  d i f f e r e n c e  b e t w e e n  t h e  2  s c e n a r i o s  
b e c o m e s  i m p o r t a n t  i f  s p e r m  s u r f a c e  h e t e r o g e n e i t y  i s  
r e l a t e d  t o  s o m e  o t h e r  f a c t o r  e .  a . g e n e t i c  f i t n e s s  ( C o h e n ,  
1 9 6 7 ,  1 9 6 9 ,  1 9 7 3 ,  1 9 7 5 ) ,  i n  w h i c h  c a s e  t h e  f i r s t  s c e n a r i o
w o u l d  a p p e a r  m o r e  a t t r a c t i v e ,  a s  s l o w e r  e l i m i n a t i o n  o f  
s p e r m a t o z o a  e x h i b i t i n g  f e w e r  s u r f a c e  a b n o r m a l i t i e s  c o u l d  
a l l o w  s o m e  s u c h  s p e r m a t o z o a  t h e  o p p o r t u n i t y  t o  p o p u l a t e  
t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s  a n d  s u b s e q u e n t l y  t o  
f e r t i l i s e  e g g s .
I n  c h i c k e n  h e n s ,  t h e  u t e r o v a g i n a l  j u n c t i o n  i s  s i t u a t e d  
w i t h i n  t h e  m u l t i p l e  f o l d s  o f  t i s s u e  c o m p r i s i n g  t h e  
u t e r o v a g i n a l  s p h i n c t e r  ( B o b r  e t  a l . . 1 9 6 5 ) .  B e c a u s e  t h i s
s t r u c t u r e  i s  h e l d  t i g h t  f o r  m o s t  o f  t h e  o v u l a t o r y  c y c l e ,  
o n l y  r e l a x i n g  a t  o v i p o s i t i o n  ( B o b r  e t  a l . . 1 9 6 5 ) ,  i t  w o u l d
s e e m  u n l i k e l y  t h a t  t h e  i n t r o d u c t i o n  o f  1 .  0  m l  o f  f l u i d  
i n t o  t h e  m i d - v a g i n a l  r e g i o n  w o u l d  r e m o v e  s p e r m a t o z o a  
a l r e a d y  w i t h i n  t h e  u t e r o v a g i n a l  j u n c t i o n .  I t  w o u l d  s e e m  
m o r e  l i k e l y  t h a t  s p e r m a t o z o a  r e c o v e r e d  b y  v a g i n a l  l a v a g e  
w o u l d  h a v e  b e e n  r e m o v e d  f r o m  t h e  v a g i n a .
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I t  i s  p o s s i b l e  t h a t  s o m e  s p e r m a t o z o a ,  u p o n  r e a c h i n g  t h e  
u t e r o v a g i n a l  j u n c t i o n ,  m a y  r e t u r n  t o  t h e  v a g i n a .  H o w e v e r ,  
s u c h  n u m b e r s  a r e  l i k e l y  t o  b e  v e r y  s m a l l ,  a n d  a t  l e a s t  
s o m e  l i v i n g  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  d u r i n g  
t h e  f i r s t  f e w  h o u r s  f o l l o w i n g  i n s e m i n a t i o n  a r e  l i k e l y  t o  
h a v e  b e e n  r e s i d e n t  w i t h i n  t h e  v a g i n a  s i n c e  i n s e m i n a t i o n .  
I f  t h i s  i s  t h e  c a s e ,  t h e n  i t  w o u l d  t h u s  a p p e a r  t h a t  s o m e  
c h i c k e n  s p e r m a t o z o a  c a n  s u r v i v e  w i t h i n  t h e  c l e a r l y  h o s t i l e  
e n v i r o n m e n t  o f  t h e  v a g i n a  f o r  s e v e r a l  h o u r s ,  w h e r e a s  
o t h e r s  p e r i s h  w i t h i n  m i n u t e s .  T h i s  w o u l d  s u g g e s t  a n  
a c t i v e  s e l e c t i o n  o f  s p e r m a t o z o a  b y  t h e  v a g i n a ,  r a t h e r  t h a n  
a  p a s s i v e  p r o c e s s  i n  w h i c h  t h e  v a g i n a  i s  e q u a l l y  h o s t i l e  
t o  a l l  s p e r m a t o z o a ,  w i t h  t h o s e  f i r s t  t o  r e a c h  t h e  
u t e r o v a g i n a l  j u n c t i o n  s u r v i v i n g .
S p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  a n d  
i n f u n d i b u l u m  f o l l o w i n g  m u l t i p l e  i n t r a v a g i n a l  i n s e m i n a t i o n  
d i d  n o t  g e n e r a l l y  e x h i b i t  c h i c k e n  i m m u n o g l o b u l i n  o n  t h e i r  
s u r f a c e  ( s e e  3 .  5 .  4 .  3 .  ) .  I t  i s  t h u s  p o s s i b l e  t h a t  s u c h  
s p e r m a t o z o a  m a y  c o n s t i t u t e  a  s e l e c t e d ,  a n t i g e n i c a l l y  
d i s t i n c t  s u b p o p u l a t i o n ,  g i v e n  t h a t  i m m u n o g l o b u l i n  
r e a c t i o n s  a t  a  m e m b r a n e  s u r f a c e  a r e  n o t  t y p i c a l l y  
r e v e r s i b l e  i n  p h y s i o l o g i c a l  c o n d i t i o n s  ( C o h e n  &  W e r r e t t ,
1 9 7 5 )  o r  b y  r e p e a t e d  w a s h i n g  ( H a a s  &  D ' C r u z ,  1 9 8 7 ) .  
H o w e v e r ,  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  
j u n c t i o n  a n d  i n f u n d i b u l u m  f o l l o w i n g  m u l t i p l e  i n t r a v a g i n a l  
i n s e m i n a t i o n  e x h i b i t e d  r e d u c e d  W G A  s t a i n i n g  ( s e e  3 .  6 .  1 .  ) .  
S u c h  r e d u c e d  s t a i n i n g  c o u l d  h a v e  r e s u l t e d  f r o m  t h e  l o s s  o f
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s p e r m  s u r f a c e  c a r b o h y d r a t e  r e s i d u e s ,  t o  w h i c h  
i m m u n o g l o b u l i n  c o u l d  h a v e  b e e n  b o u n d .
S p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  j u n c t i o n  a n d  
i n f u n d i b u l u m  a p p r o x i m a t e l y  4  h o u r s  f o l l o w i n g  i n t r a u t e r i n e  
i n s e m i n a t i o n  d i d  n o t  g e n e r a l l y  e x h i b i t  i m m u n o g l o b u l i n  o n  
t h e i r  s u r f a c e  ( s e e  3 .  5 .  4 .  3 .  ) ,  a l t h o u g h  i m m u n o g l o b u l i n s  o f  
a l l  c l a s s e s  a r e  s e c r e t e d  i n t o  t h e  o v i d u c a l  l u m e n  a t  t h e s e  
l o c a t i o n s  ( K i m i j i m a  e t  a l . . 1 9 9 0 ) ,  s u g g e s t i n g  t h a t  r e g i o n s  
o f  t h e  o v i d u c t  i n c l u d i n g  a n d  a n t e r i o r  t o  t h e  u t e r o v a g i n a l  
j u n c t i o n  a r e  n o t  i n v o l v e d  i n  s p e r m  s e l e c t i o n .  T h i s  w o u l d  
s e e m  l o g i c a l  s i n c e ,  f r o m  a n  e n e r g y  c o n s i d e r a t i o n ,  i t  w o u l d  
s e e m  w a s t e f u l  t o  s t o r e  s p e r m a t o z o a  a t  t h e  u t e r o v a g i n a l  
j u n c t i o n  t o  s u b s e q u e n t l y  e l i m i n a t e  t h e m  i n  t h e  a n t e r i o r  
o v i d u c t .
P r i o r  e x p o s u r e  o f  t h e  c h i c k e n  v a g i n a  t o  s p e r m  s u r f a c e  
a n t i g e n s  d o e s  n o t  a p p e a r  t o  i n f l u e n c e  b i n d i n g  o f  
i m m u n o g l o b u l i n  t o  t h e  s p e r m  s u r f a c e  ( s e e  3 .  5 .  4 .  1 .  ) ,  
s u g g e s t i n g  t h a t  s p e r m - b i n d i n g  i m m u n o g l o b u l i n s  a r e  n o t  
p r o d u c e d  i n  a  n o r m a l  h u m o r a l  r e s p o n s e  t o  s p e r m  a n t i g e n s .
T h e r e  a r e  s e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  a p p a r e n t  
n o n - s p e c i f i c  b i n d i n g  o f  i m m u n o g l o b u l i n  t o  t h e  s p e r m  
s u r f a c e .  P a r r  a n d  P a r r  ( 1 9 8 5 )  h a v e  d e m o n s t r a t e d  t h e  
p r e s e n c e  o f  s e v e r a l  b a c t e r i a l  s p e c i e s  i n  t h e  m o u s e  u t e r u s ,  
i n t r o d u c e d  b y  c o i t u s .  I g G  a n d  I g A  s p e c i f i c  t o  b a c t e r i a l  
s p e c i e s  a r e  r e s p o n s i b l e  f o r  t h e i r  a g g l u t i n a t i o n  i n - v i v o , 
b u t  a l s o  c r o s s - r e a c t  w i t h  o t h e r  b a c t e r i a l  s p e c i e s  ( P a r r  &
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P a r r ,  1 9 8 8 ) .  A s  p r e v i o u s l y  m e n t i o n e d  ( s e e  4 . 2 . 6 .  ) ,  t h e  
c l o s e  a n a t o m i c a l  r e l a t i o n s h i p  b e t w e e n  t h e  c l o a c a  a n d  t h e  
v a g i n a  o f  d o m e s t i c  b i r d s  i s  l i k e l y  t o  r e s u l t  i n  t h e  
c o n s t a n t  i n v a s i o n  o f  t h e  v a g i n a  b y  v a r i o u s  m i c r o o r g a n i s m s  
o f  f a e c a l  o r i g i n .  T h e  v a g i n a  i s  t h e r e f o r e  l i k e l y  t o  
p o s s e s s  a n  e f f i c i e n t  m u c o s a l  i m m u n e  s y s t e m .  T h u s
i m m u n o g l o b u l i n  s e c r e t e d  b y  p l a s m a  c e l l s  s i t u a t e d  o n  t h e  
b a s a l  l a m i n a  o f  t h e  v a g i n a l  e p i t h e l i u m  ( K i r k  e t  a l . ,  1 9 8 9 )
m a y  b e  i n  r e s p o n s e  t o  m i c r o b i a l  a n t i g e n s  ( s e e  C o h e n  &  
M c N a u g h t o n ,  1 9 7 4 )  a n d  m a y  i n t e r a c t  n o n - s p e c i f i c a l l y  w i t h  
m o l e c u l e s  o n  t h e  s p e r m  s u r f a c e  w h i c h  p r e s e n t  a n t i g e n i c a l l y  
s i m i l a r l y .
A n  a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  a p p a r e n t  
n o n - s p e c i f i c i t y  o f  i m m u n o g l o b u l i n  i n t e r a c t i o n  w i t h  t h e  
s p e r m  s u r f a c e  m i g h t  b e  t h a t  t h e  i m m u n o g l o b u l i n  d o e s  n o t  i n  
f a c t  i n t e r a c t  d i r e c t l y  w i t h  t h e  s p e r m  s u r f a c e ,  b u t  w i t h  
m o l e c u l e s  o f  m i c r o b i a l  o r i g i n  a d s o r b e d  o n t o  t h e  s p e r m  
s u r f a c e .  C o p u l a t i o n  i n  d o m e s t i c  b i r d s  a p p e a r s  t o  b e  a n  
a w k w a r d  p r o c e s s ,  w i t h  s e m e n  d e p o s i t i o n  o n t o  t h e  m u c o s a  o f  
t h e  e v e r t e d  v a g i n a  ( L a k e ,  1 9 8 1 ) .  T h e  p o s i t i o n s  o f  t h e
c o p u l a t o r y  o r g a n s  w i t h  r e s p e c t  t o  t h e  c l o a c a  i n  b o t h  s e x e s  
w o u l d  a l l o w  p o t e n t i a l  m i c r o b i a l  c o n t a m i n a t i o n  o f  s e m e n  
d u r i n g  e j a c u l a t i o n  a n d  t r a n s f e r ,  a n d  b a c t e r i a l  a d h e r e n c e  
t o  t h e  m a m m a l i a n  s p e r m  s u r f a c e  h a s  p r e v i o u s l y  b e e n  
r e p o r t e d  ( s e e  A r o u x  e t  a l . . 1 9 9 1 ) .  H o w e v e r ,  e x a m i n a t i o n
o f  s m e a r s  o f  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  v a g i n a  b y  
l a v a g e  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  f a i l e d  t o  
r e v e a l  t h e  p r e s e n c e  o f  m i c r o o r g a n i s m s  a d h e r i n g  t o  t h e
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s p e r m  s u r f a c e .  N e v e r t h e l e s s ,  t h e r e  i s  l i k e l y  t o  b e  a  
c o n s t a n t  t u r n o v e r  o f  v e r y  h i g h  n u m b e r s  o f  m i c r o o r g a n i s m s  
i n  t h e  v a g i n a ,  a n d  i t  i s  p o s s i b l e  t h a t  f r e e  m i c r o b i a l  
p r o t e i n s  a r e  a d s o r b e d  o n t o  t h e  s p e r m  s u r f a c e ,  a n d  t h a t  
i m m u n o g l o b u l i n  s u b s e q u e n t l y  i n t e r a c t s  w i t h  t h e s e .  T h e  
a d s o r p t i o n  o f  s u c h  p r o t e i n s  m i g h t  d e p e n d  o n  t h e  u n d e r l y i n g  
s p e r m  s u r f a c e  t o p o g r a p h y ,  t h u s  g i v i n g  r i s e  t o  t h e  
s e g m e n t a l  b i n d i n g  o f  i m m u n o g l o b u l i n .  I t  i s  h o w e v e r ,  
q u e s t i o n a b l e  w h e t h e r  s u c h  p r o t e i n s  w o u l d  b e  p r e s e n t  i n  
s u f f i c i e n t  q u a n t i t y  t o  p r o v i d e  t h e  e x t e n s i v e  s p e r m  s u r f a c e  
c o a t i n g  o b s e r v e d ,  i n  t h e  s h o r t  p e r i o d  d u r i n g  w h i c h  
s p e r m a t o z o a  w e r e  e x p o s e d  t o  t h e m .
I t  i s  a l s o  p o s s i b l e  t h a t  p l a s m a  c e l l s  i n  t h e  v a g i n a l  
m u c o s a  p r o d u c e  i m m u n o g l o b u l i n  s p e c i f i c  f o r  a n t i g e n s  o n  t h e  
s p e r m  s u r f a c e ,  w i t h o u t  s p e r m  c h a l l e n g e ,  i n  a  s i m i l a r  
m a n n e r  t o  t h o s e  p r o d u c i n g  s p e c i f i c  h u m a n  A B O  b l o o d  g r o u p  
a g g l u t i n i n s .  T h e  i s o a g g l u t i n i n s  a n t i - A  a n d  a n t i - B  a p p e a r  
i n  h u m a n  s e r u m  3  t o  6  m o n t h s  a f t e r  b i r t h  a n d  r e m a i n  
t h e r e a f t e r  w i t h o u t  a n y  o v e r t  a n t i g e n i c  s t i m u l a t i o n .  T h e  
m e c h a n i s m  o f  t h e i r  p r o d u c t i o n  i s  c u r r e n t l y  u n k n o w n ,  b u t  i t  
i s  b e l i e v e d  t h a t  i n t e s t i n a l  b a c t e r i a l  f l o r a ,  w h i c h  p r e s e n t  
s i m i l a r l y  t o  t h e  A  a n d  B  a n t i g e n s ,  m a y  a c t  a s  i m m u n o g e n s  
( Z a l e s k i  e t  a l . . 1 9 8 3 ) .  I m m u n o g l o b u l i n s  i n t e r a c t i n g
s p e c i f i c a l l y  w i t h  a n t i g e n s  o n  t h e  s p e r m  s u r f a c e  c o u l d  t h u s  
b e  p r o d u c e d  a s  a  r e s u l t  o f  m i c r o o r g a n i s m s  i n  t h e  v a g i n a .  
A l t e r n a t i v e l y ,  i t  i s  k n o w n  t h a t  i m m u n o g l o b u l i n  p r e c u r s o r  
l y m p h o b l a s t s  s e l e c t i v e l y  m i g r a t e  f r o m  t h e  s i t e  o f  a n t i g e n  
c h a l l e n g e  t o  l o c a l i s e  i n  o t h e r  m u c o s a l  t i s s u e s
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( B i e n e n s t o c k ,  1 9 8 1 ) .  T h u s  i n i t i a l  a n t i g e n i c  s t i m u l a t i o n  
c o u l d  o c c u r  a t  o t h e r  m u c o s a l  s i t e s .
I f  s e c r e t e d  i m m u n o g l o b u l i n s  a r e  n o t  d i r e c t e d  a g a i n s t  
s p e r m a t o z o a ,  b u t  a r e  m e r e l y  e i t h e r  c r o s s - r e a c t i n g  w i t h  t h e  
s p e r m  s u r f a c e  o r  w i t h  m i c r o b i a l  p r o t e i n s  b o u n d  t o  t h e  
s p e r m  s u r f a c e ,  t h e n  a n  e l i m i n a t i o n  o f  s p e r m a t o z o a ,  b a s e d  
o n  s p e r m  s u r f a c e  h e t e r o g e n e i t y ,  w o u l d  t a k e  p l a c e .  
H o w e v e r ,  a  s e l e c t i o n  s y s t e m  b a s e d  o n  a  n o n - s p e c i f i c  
i n t e r a c t i o n  i s  u n l i k e l y  t o  s e l e c t  o n  a n y  c r i t e r i o n  o f  
s p e r m  q u a l i t y .  C o n v e r s e l y ,  a  s p e c i f i c  i n t e r a c t i o n  b e t w e e n  
i m m u n o g l o b u l i n  a n d  t h e  s p e r m  s u r f a c e  i s  f a r  m o r e  l i k e l y  t o  
s e l e c t  s p e r m a t o z o a  o n  t h e  b a s i s  o f  s o m e  a s p e c t  o f  s p e r m  
q u a l i t y .  C o h e n  ( 1 9 6 7 ,  1 9 6 9 ,  1 9 7 3 ,  1 9 7 5 )  h a s  p o s t u l a t e d
t h a t  o v i d u c a l  s p e r m  s e l e c t i o n  m a y  u l t i m a t e l y  h a v e  a  
g e n e t i c  b a s i s ,  a n d  t h a t  t h e  e x t e n t  o f  s p e r m  w a s t a g e  i n  t h e
f e m a l e r e p r o d u c t i v e t r a c t  i s d i r e c t l y r e l a t e d t o t h e
n u m b e r o f  c h i a s m a t a o c c u r r i n g d u r i n g m e i o s i s i n t h e
p r o d u c t i o n  o f  e a c h  s p e r m a t o z o o n .  T h i s  p o s t u l a t i o n  i s  
s u p p o r t e d  b y  e v i d e n c e  f o r  p o s t - m e i o t i c  t r a n s c r i p t i o n  f r o m  
s p e r m  D N A  a n d  t h e  a p p e a r a n c e  a n d  s e g r e g a t i o n  o f  s p e c i f i c  
s p e r m  a n t i g e n s  p o s s i b l y  c o d e d  f r o m  t h e m  ( s e e  C o h e n  &  
G r e g s o n ,  1 9 7 8 ) .  H o w e v e r ,  t h e r e  i s  a  c o n s i d e r a b l e  b o d y  o f  
e v i d e n c e  c o n t r a d i c t i n g  t h i s  h y p o t h e s i s .  W a l l a c e  ( 1 9 7 4 )  
p r o d u c e d  e v i d e n c e  t h a t  c h i a s m a  f r e q u e n c y  i s  n o t  r e l a t e d  t o  
f e r t i l i t y ,  a n d  J a c o b s  ( 1 9 7 2 )  r e p o r t e d  t h a t  a r o u n d  2 %  o f  
h u m a n  c o n c e p t i o n s  a r i s e  f r o m  c h r o m o s o m a l l y  a b n o r m a l  
s p e r m a t o z o a .  F u r t h e r m o r e ,  M o r t i m e r  ( 1 9 7 8 )  a r g u e d  t h a t  i t  
i s  u n l i k e l y  t h a t  t h e  f e m a l e  r e p r o d u c t i v e  t r a c t  w o u l d  b e
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a b l e  t o  s e l e c t  a g a i n s t  s p e r m a t o z o a  w i t h  m i n o r  d e f e c t s  s u c h  
a s  c h i a s m a  f a u l t s ,  w hen  s p e r m a t o z o a  w i t h  g r o s s l y  a b n o r m a l  
g enom es  e.  g . d i p l o i d  ( M o r t i m e r ,  1 9 7 7 ) ,  a r e  a l l o w e d  t o  
r e a c h  t h e  s i t e  o f  f e r t i l i s a t i o n .
T h e r e  a r e  s e v e r a l  p o s s i b l e  m e c h a n i s m s  w o r k i n g  i n d i v i d u a l l y  
a n d / o r  j o i n t l y  w h i c h  may b e  r e s p o n s i b l e  f o r  s p e r m  
e l i m i n a t i o n  f r o m  t h e  v a g i n a .
I n  a d d i t i o n  t o  b e i n g  f o u n d  s i n g l y  i n  w a s h i n g s ,  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  v a g i n a  by  l a v a g e  f o l l o w i n g  i n t r a v a g i n a l  
i n s e m i n a t i o n  w e r e  a l s o  o b s e r v e d  i n  a g g r e g a t e s  o f  v a r i a b l e  
s i z e  ( s e e  3. 5. 4. 1. ).  I n  some c a s e s ,  s p e r m a t o z o a  w e r e  
t i g h t l y  a g g l u t i n a t e d  a n d  i n  o t h e r s  a p p e a r e d  s u s p e n d e d  i n  
v a g i n a l  mucus.  T h i s ,  a l l i e d  t o  t h e  p r e d o m i n a n t l y  
f l a g e l l a r  s e g m e n t a l  b i n d i n g  o f  i m m u n o g l o b u l i n  o b s e r v e d ,  
m i g h t  s u g g e s t  d i r e c t  i m p a i r m e n t  o f  m o t i l i t y ,  d u e  t o  
r e s t r i c t e d  a n d / o r  a b n o r m a l  f l a g e l l a r  a c t i v i t y  a n d  
s p e r m - s p e r m  a g g l u t i n a t i o n  ( s e e  U nderdow n  & S c h i f f ,  1 9 8 6 ) .  
H ow ever ,  a l t h o u g h  i m m u n o g l o b u l i n  b i n d i n g  t o  t h e  s p e r m  
s u r f a c e  i s  u n l i k e l y  t o  k i l l  s p e r m a t o z o a ,  m o s t  s p e r m a t o z o a  
e x h i b i t i n g  i m m u n o g l o b u l i n  on  t h e i r  s u r f a c e  a l s o  s t a i n e d  
d e a d ,  i n d i c a t i n g  t h e  i n v o l v e m e n t  o f  o t h e r ,  s p e r m i c i d a l  
p r o c e s s e s .
A n o t h e r  p o s s i b l e  m e c h a n i s m  o f  s p e r m  e l i m i n a t i o n  f r o m  t h e  
v a g i n a  i s  t h e  a c t i v a t i o n  o f  c o m p l e m e n t  b y  s p e r m - b o u n d  IgG  
a n d / o r  Ig A  ( s e e  U nderdow n & S c h i f f ,  1986; B r o n s o n  e t  a l . , 
1 9 8 7 ) .  A l y t i c  c o m p le m e n t  c a s c a d e  e x i s t s  i n  t h e  b l o o d
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seru m  o f  c h i c k e n s  (K o p p e n h e f f e r ,  1 9 8 8 ) ,  b u t  has n o t  y e t
b e e n  i d e n t i f i e d  i n  t h e  c h i c k e n  o v i d u c t .  H ow ever ,  t h e  
l y t i c  c o m p l e m e n t  c a s c a d e  h a s  b e e n  i d e n t i f i e d  i n  human 
c e r v i c a l  mucus ( P r i c e  & B o e t t c h e r ,  1979)  a n d  may b e  a c t i v e  
w i t h i n  t h e  m am m al ian  o v i d u c t  ( s e e  D 'C r u z  e t  a l . . 1 9 9 1 ) .
V a r i o u s  e f f e c t s  o n  m am m al ian  s p e r m  f u n c t i o n  i n - v i t r o  h a v e  
b e e n  r e p o r t e d ,  i n c l u d i n g  i m p a i r m e n t  o f  s p e r m  m o t i l i t y  
( B r o n s o n  e t  a l . . 1987; D 'C r u z  e t  a l . . 1 9 9 1 ) ,  p r o m o t i o n  o f
s p e r m  i m m o b i l i s a t i o n  ( B r o n s o n  e t  a l . , 1982)  a n d
p h a g o c y t o s i s  ( D 'C r u z  e t  a l . . 1 9 9 1 ) ,  a n d  dam age  t o
a c r o s o m a l  a n d  p l a s m a  m em branes  ( s e e  D 'C r u z  e t  a l . . 1 9 9 1 ) .
F u r t h e r m o r e ,  human s e m i n a l  p l a s m a  i s  known t o  c o n t a i n  
c o m p l e m e n t  i n h i b i t o r s  ( s e e  D 'C r u z  e t  a l . . 1 9 9 1 ) .
O p s o n i s a t i o n  o f  c e l l s  f o r  p h a g o c y t o s i s  i s  m a i n l y  m e d i a t e d  
b y  IgG  ( P a r r  & P a r r ,  1 9 8 8 ) .  T h e r e  a r e  v a r i o u s  r e p o r t s  o f  
t h e  s e l e c t i v e  o p s o n i s a t i o n  o f  s p e r m a t o z o a  i n  t h e  m am m al ian  
o v i d u c t  (e .  g. A u s t i n ,  1960;  Symons,  1967; C o h en  & W e r r e t t ,
1 9 7 5 ) ,  a c c o m p a n i e d  b y  t h e  i n d u c t i o n  o f  a  m a s s i v e
l e u k o c y t o s i s  w i t h i n  30 m i n u t e s ,  a n d  s u b s e q u e n t
p h a g o c y t o s i s  ( T y l e r ,  1977; P h i l l i p s  & M a h l e r ,  1978; P a n d y a  
& C ohen ,  1985; Cohen ,  1 9 8 8 ) .  However ,  a l t h o u g h  i t  r e m a i n s  
a  p o s s i b i l i t y ,  t h e  i n a b i l i t y  i n  t h i s  s t u d y  t o  d e t e c t
p h a g o c y t e s  i n  v a g i n a l  m u c o s a l  s m e a r s  o b t a i n e d  2 h o u r s  
f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  ( s e e  3. 5. 4. 1. ) w o u l d  
s u g g e s t  t h a t  p h a g o c y t o s i s  i s  p r o b a b l y  n o t  a n  i m p o r t a n t  
s p e r m - e l i m i n a t i n g  m e c h a n i s m  i n  t h e  c h i c k e n  v a g i n a .
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D o u b l e  m a t i n g  e x p e r i m e n t s  c a r r i e d  o u t  i n  mammals,  
i n v o l v i n g  t h e  r e c o v e r y  o f  s p e r m a t o z o a  f r o m  t h e  a n t e r i o r  
o v i d u c t  o f  o n e  f e m a l e  a n d  t h e i r  s u b s e q u e n t  i n s e m i n a t i o n  
i n t o  a  s e c o n d  f e m a l e  h a v e  i n d i c a t e d  t h a t  s u c h  s p e r m a t o z o a  
a r e  e x t r e m e l y  f e r t i l e  c o m p a r e d  w i t h  e j a c u l a t e d  s p e r m a t o z o a  
(C o h e n  & M cN augh ton ,  1974;  O v e r s t r e e t  & K a t z ,  1977; 
C o h en  & T y l e r ,  1 9 8 0 ) .  S u c h  a n  e x p e r i m e n t  w o u l d  b e  
d i f f i c u l t  t o  e x p e d i t e  i n  t h e  c h i c k e n ,  g i v e n  t h a t  
i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  a r e  s t o r e d  a t  t h e  
u t e r o v a g i n a l  j u n c t i o n  SSTs p r i o r  t o  t h e i r  a p p e a r a n c e  i n  
t h e  a n t e r i o r  o v i d u c t ,  a n d  a r e  b e l i e v e d  t o  b e  r e l e a s e d  
c o n t i n u o u s l y ,  r e s u l t i n g  i n  o n l y  v e r y  s m a l l  n u m b e r s  p r e s e n t  
i n  t h e  o v i d u c a l  l u m e n  a t  a n y  g i v e n  t i m e .  F u r t h e r m o r e ,  t h e  
r e l a t i v e l y  l a r g e  s u r f a c e  a r e a  o f  t h e  c h i c k e n  a n t e r i o r  
o v i d u c a l  l u m e n  c o m p a r e d  w i t h  t h a t  o f  l a b o r a t o r y  mammals,  
w o u l d  make e f f i c i e n t  s p e r m  r e c o v e r y  d i f f i c u l t .  H ow ever ,  
a n  i n - v i t r o  s p e r m  s e l e c t i o n  s y s t e m  w o u l d  p o t e n t i a l l y  
p r o v i d e  a c c e s s  t o  l a r g e r  n u m b e r s  o f  s e l e c t e d  s p e r m a t o z o a .
The v a g i n a l  m u c o sa  c l e a r l y  p r e s e n t s  a s  a  h o s t i l e
e n v i r o n m e n t  t o w a r d s  s p e r m a t o z o a  i n - v i t r o  ( s e e  3. 5. 4. 4. ) ,  
a s  i t  d o e s  i n - v i v o , u n l i k e  t h a t  o f  t h e  i n f u n d i b u l u m ,  w h i c h  
a p p e a r s  r e l a t i v e l y  b e n i g n .  T h e s e  r e s u l t s  a r e  g e n e r a l l y  i n  
a g r e e m e n t  w i t h  r e s u l t s  o b t a i n e d  b y  A s h i z a w a  a n d  N i s h i y a m a
( 1 9 8 3 ) ,  who r e p o r t e d  p o o r  m a i n t e n a n c e  o f  m o t i l i t y  o f  
c h i c k e n  s p e r m a t o z o a  i n c u b a t e d  i n - v i t r o  w i t h  v a g i n a l  
t i s s u e ,  c o m p a r e d  w i t h  t h o s e  i n c u b a t e d  w i t h  i n f u n d i b u l a r  o r  
u t e r o v a g i n a l  j u n c t i o n  t i s s u e .  S i m i l a r l y  t o  t h e  s i t u a t i o n  
i n - v i v o  ( s e e  3. 5. 4. 1. ) ,  t h e  p e r c e n t a g e  o f  s p e r m a t o z o a  w i t h
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i m m u n o g l o b u l i n  b o u n d  t o  t h e i r  s u r f a c e  e x c e e d e d  t h e  
p e r c e n t a g e  s t a i n i n g  d e a d ,  s u g g e s t i n g  t h a t  t h e  sam e
m e c h a n i s m  i s  r e s p o n s i b l e  f o r  s p e r m  d e a t h  i n - v i t r o  a n d  
i n - v i v o .
C o n t r o l  s p e r m a t o z o a  a n d  s p e r m a t o z o a  w h i c h  h a d  p r e v i o u s l y  
b e e n  i n c u b a t e d  w i t h  v a g i n a l  m u c o sa  i n - v i t r o  f o r  o n e  h o u r  
d e m o n s t r a t e d  s i m i l a r  a b i l i t i e s  t o  g a i n  a c c e s s  t o  t h e  n e w l y  
o v u l a t e d  e g g  i n - v i v o  ( s e e  3. 5. 4. 4. ). G i v e n  t h e  h i g h
p e r c e n t a g e  o f  s p e r m a t o z o a  s t a i n i n g  d e a d  a f t e r  i n c u b a t i o n  
w i t h  v a g i n a l  m u c o sa ,  t h e  r e s u l t s  o b t a i n e d  s u g g e s t  t h a t  t h e  
s u r v i v i n g  s p e r m a t o z o a  f r o m  t h e  v a g i n a l  t i s s u e  i n c u b a t i o n  
w e r e  m ore  f e r t i l e  t h a n  t h e  c o n t r o l  s p e r m a t o z o a ,  a s  w o u l d  
b e  e x p e c t e d  i f  t h e y  i n c l u d e d  a s e l e c t e d  s u b p o p u l a t i o n .
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4. 3.
F e r t i l i sa t io n
Sp e rm a to zo a  i n  t h e  O v id u c t ______P r i o r  t o
4. 3. 1. P o s s i b l e  E f f e c t s  o f  OPF on  S p e r m a t o z o a  I n - V i v o
M am m alian  s p e r m a t o z o a  r e q u i r e  t o  c a p a c i t a t e  i n  t h e  f e m a l e  
r e p r o d u c t i v e  t r a c t  i n  o r d e r  t o  g a i n  f e r t i l i s i n g  a b i l i t y  
( s e e  A u s t i n ,  1951; Y a n a g i m a c h i ,  1981; Moore  & B e d f o r d ,  
1 9 8 3 ) .  I n  m o s t  s p e c i e s  c a p a c i t a t i o n  t a k e s  p l a c e  
t h r o u g h o u t  t h e  l e n g t h  o f  t h e  o v i d u c t  a n d  i n v o l v e s  c h a n g e s  
i n  s p e r m  s u r f a c e  a n t i g e n i c i t y  ( K o e h l e r ,  1978)  a n d  l e c t i n  
s t a i n i n g  ( K o e h l e r ,  1978; C r o s s  & O v e r s t r e e t ,  1 9 8 7 ) .  
S e l e c t i v e  a d s o r p t i o n  o f  p r o t e i n s  f r o m  u t e r i n e  a n d  o v i d u c a l  
f l u i d s  a r e  a l s o  i n v o l v e d  i n  s p e r m  s u r f a c e  c h a n g e  
(V o g lm a y r ,  1987;  L i p p e s  & Wagh, 1989)  a n d  a r e  b e l i e v e d  t o  
p l a y  i m p o r t a n t  r o l e s  i n  e v e n t s  p r e c e d i n g  f e r t i l i s a t i o n  
( O l i p h a n t  e t  a l . . 1984; L i p p e s  & Wagh, 1 9 8 9 ) .
S p e r m a t o z o a  f r o m  d o m e s t i c  b i r d s  a r e  n o t  b e l i e v e d  t o  
u n d e r g o  c a p a c i t a t i o n  p r i o r  t o  f e r t i l i s a t i o n  ( H o w a r th ,  
1971; H o w a r th  & P a l m e r ,  1972; F u j i h a r a  e t  a l . . 1 9 7 3 ) .  
G i v e n  t h a t  o v a r i a n  p o c k e t  f l u i d  (OPF) may b e  i n v o l v e d  i n  
e v e n t s  p r e c e d i n g  f e r t i l i s a t i o n  i n  c h i c k e n s  ( A s h i z a w a  & 
W i s h a r t ,  1 9 9 2 ) ,  i t s  e f f e c t s  on  s p e r m a t o z o a  w e r e  
i n v e s t i g a t e d  i n - v i t r o .
F l u i d  c o l l e c t e d  f r o m  t h e  o v a r i a n  p o c k e t  a t  a r o u n d  t h e  t i m e  
o f  o v u l a t i o n  c l e a r l y  a l t e r s  s p e r m  s u r f a c e  a n t i g e n i c i t y  
( s e e  3. 6. 2. ) ,  p o s s i b l y  a s  a r e s u l t  o f  a d s o r p t i o n  o f
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a n t i g e n s  o n t o  a n d / o r  l o s s  f r o m  t h e  s p e r m  s u r f a c e ,  a n d / o r  
e n z y m i c  m o d i f i c a t i o n  o f  e x i s t i n g  a n t i g e n s  e. g . b y  l o s s  o f  
m a s k i n g  c a r b o h y d r a t e  r e s i d u e s .
S t a i n i n g  o f  s p e r m a t o z o a  w i t h  F I T C - c o n j u g a t e d  WGA a p p e a r e d  
u n a f f e c t e d  b y  i n c u b a t i o n  w i t h  OPF ( s e e  3. 6. 2. ) .  H ow ever ,  
s p e r m a t o z o a  w e r e  i n t e n s e l y  s t a i n e d  a n d  s u b t l e  c h a n g e s  w e r e  
u n l i k e l y  t o  b e  d e t e c t e d  u s i n g  e p i f l u o r e s c e n c e  m i c r o s c o p y .
The  s o u r c e  o f  OPF i n  c h i c k e n s  i s  c u r r e n t l y  unknow n b u t  i s  
u n l i k e l y  t o  b e  t h e  o v a r y ,  s i n c e  f l u i d  i s  n o t  p r e s e n t  i n  
t h e  f o l l i c l e s  o f  l a y i n g  h e n s  a n d  t h e  f o l l i c u l a r  b l o o d  
s u p p l y  a p p e a r s  t o  b e  r e d u c e d  a t  t h e  t i m e  o f  o v u l a t i o n  
( P h i l l i p s  & W a r r e n ,  1 9 3 7 ) .  A l t h o u g h  OPF may b e  p a r t l y  
p e r i t o n e a l  i n  o r i g i n ,  a n o t h e r  p o t e n t i a l  s o u r c e  i s  t h e  
o v i d u c t .  I t  h a s  b e e n  r e p o r t e d  t h a t  i n  many m am m al ian  
s p e c i e s ,  o v i d u c a l  f l u i d s  f l o w  i n t o  t h e  p e r i t o n e a l  c a v i t y ,  
w i t h  m a x im a l  p r o d u c t i o n  o c c u r r i n g  a t  t h e  t i m e  o f  o v u l a t i o n  
(Hamner ,  1 9 7 3 ) .  I n  c h i c k e n s ,  t h e  i n f u n d i b u l u m  b eco m es  
o e d e m a t o u s  a n d  a c t i v e  a t  t h e  t i m e  o f  o v u l a t i o n ,  
p a r t i c u l a r l y  i n  t h e  o v a r i a n  p o c k e t  a d j a c e n t  t o  t h e  m a t u r e  
f o l l i c l e  ( W a r r e n  & S c o t t ,  1934;  P h i l l i p s  & W a r r e n ,  1 9 3 7 ) .  
F l u i d  v o lu m e  i s  m a x im a l  a t  t h i s  t i m e ,  d u r i n g  w h i c h  
s p e r m a t o z o a  a r e  m o s t  f r e q u e n t l y  f o u n d  w i t h i n  t h e  
i n f u n d i b u l u m  a n d  o v a r i a n  p o c k e t  ( B o b r  e t  a l . , 1964b;
M o r z e n t i  e t  a l . . 1 9 7 8 ) .
A s h i z a w a  a n d  W i s h a r t  (1 9 9 2 )  h a v e  p o s t u l a t e d  t h a t  OPF may 
r e p r e s e n t  t h e  m i l i e u  i n  w h i c h  f e r t i l i s a t i o n  t a k e s  p l a c e ,
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t h u s  s u g g e s t i n g  t h a t  s p e r m  s u r f a c e  c h a n g e s  o b s e r v e d  
i n - v i t r o  may o c c u r  n a t u r a l l y  p r i o r  t o  f e r t i l i s a t i o n .
H o w a r th  ( 1 9 7 1 ) ,  H o w a r th  a n d  P a l m e r  (1 9 7 2 )  a n d  F u j i h a r a  e t  
a l . ( 1 9 7 3 ) ,  o n  t h e  b a s i s  o f  r e s u l t s  o b t a i n e d  f r o m  i n - v i t r o  
f e r t i l i s a t i o n  e x p e r i m e n t s ,  c o n c l u d e d  t h a t  c a p a c i t a t i o n  i s  
n o t  a r e q u i r e m e n t  f o r  s p e r m a t o z o a  f r o m  d o m e s t i c  b i r d s  t o  
g a i n  f e r t i l i s i n g  a b i l i t y .  However ,  H o w a r t h  ( 1 9 8 3 )  
d e m o n s t r a t e d  t h a t  t e s t i c u l a r  s p e r m a t o z o a ,  w h i c h  h a d  n o t  
b e e n  e x p o s e d  t o  e p i d i d y m a l  s e c r e t i o n s ,  c o u l d  f e r t i l i s e  o v a  
i f  i n s e m i n a t e d  i n t r a m a g n a l l y .  G i v e n  t h a t  s p e r m a t o z o a  
b eco m e  c o a t e d  w i t h  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  a n d  
g l y c o p r o t e i n s  d u r i n g  t r a n s p o r t  t h r o u g h  t h e  e x c u r r e n t  d u c t  
s y s t e m  o f  t h e  c h i c k e n  ( E s p o n d a  & B e d f o r d ,  1 9 8 5 ) ,  i f  
s p e r m - e g g  i n t e r a c t i o n  i s  a r e c e p t o r - m e d i a t e d  p r o c e s s  i n  
c h i c k e n s ,  a s  p o s t u l a t e d  by  H o w a r th  ( 1 9 9 0 ) ,  t h e n  i t  w o u l d  
s eem  l o g i c a l  t h a t  u n m a s k i n g  o f  s p e r m  s u r f a c e  r e c e p t o r s  
w o u l d  b e  n e c e s s a r y  p r i o r  t o  f e r t i l i s a t i o n .  T h e r e  i s  
e v i d e n c e  i n  mammals t h a t  s p e r m  s u r f a c e  c o m p o n e n t s  d i r e c t l y  
i n v o l v e d  i n  f e r t i l i s a t i o n  a r e  o f  t e s t i c u l a r  o r i g i n  ( S h a l g i  
e t  a l . , 1990; B e r g e r ,  1 9 9 0 ) .
The  a c q u i s i t i o n  o f  e g g - b i n d i n g  s i t e s  a s  a  c o n s e q u e n c e  o f  
t h e  a d s o r p t i o n  o f  OPF p r o t e i n s  o n t o  t h e  s p e r m  s u r f a c e  
w o u l d  a p p e a r  t o  be  a n  a t t r a c t i v e  e x p l a n a t i o n  f o r  t h e  
r e s u l t s  r e p o r t e d  b y  H o w a r th  ( 1 9 8 3 ) ,  a l l o w i n g  s p e r m - e g g  
i n t e r a c t i o n  w i t h o u t  t h e  p r i o r  u n m a s k i n g  o f  m em brane  
c o m p o n e n t s  o f  t e s t i c u l a r  o r i g i n ,  a n d  f e r t i l i s a t i o n  o f  o v a  
b y  b o t h  t e s t i c u l a r  a n d  e j a c u l a t e d  s p e r m a t o z o a .  H ow ever ,
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t h e  s u r f a c e  t o p o g r a p h y  o f  t e s t i c u l a r  s p e r m a t o z o a  i s  l i k e l y  
t o  d i f f e r  c o n s i d e r a b l y  f r o m  t h a t  o f  e j a c u l a t e d
s p e r m a t o z o a ,  s u g g e s t i n g  t h a t  a d s o r p t i o n  o f  OPF p r o t e i n s  
w o u l d  r e q u i r e  t o  b e  n o n - s e l e c t i v e ,  a n d  t h a t  s u c h  p r o t e i n s  
w o u l d  b e  w e a k l y  bound .  I t  w o u l d  s eem  l i k e l y  t h a t
e g g - b i n d i n g  m o l e c u l e s  w o u l d  r e q u i r e  t o  b e  s t r o n g l y  b o u n d  
t o  t h e  p l a s m a  membrane  a n d  h a v e  d i r e c t  c o n t a c t  w i t h  s i g n a l  
t r a n s d u c t i o n  m a c h i n e r y  w i t h i n  t h e  p l a s m a  m embrane.  
S i m i l a r l y ,  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  a r e  n o t  
s t r o n g l y  b o u n d  t o  t h e  s p e r m  s u r f a c e  ( s e e  3. 1. 3. 1. ) a n d  
w o u l d  s ee m  u n l i k e l y  t o  b e  e g g - b i n d i n g  p r o t e i n s ,  e i t h e r  
m a sk e d  o r  u n m a sk e d .  S p e r m a t o z o a  e x h i b i t e d  r e d u c e d
u n i f o r m i t y  o f  s t a i n i n g  w i t h  a n t i s e r u m  r a i s e d  a g a i n s t  
c h i c k e n  s e m i n a l  p l a s m a  p r o t e i n s ,  a f t e r  e x p o s u r e  t o  OPF, 
b u t  t h e  m a j o r i t y  e x h i b i t e d  a n  e n h a n c e d  s t a i n i n g  i n t e n s i t y  
( s e e  3. 6. 2. ). H ow ever ,  some s p e r m a t o z o a  sh o w e d  a d e f i n i t e  
r e d u c t i o n  i n  s t a i n i n g  i n t e n s i t y ,  s u g g e s t i n g  a l o s s  o f  
s p e r m  s u r f a c e  a s s o c i a t e d  p r o t e i n s .  A s e l e c t i v e  u n m a s k i n g  
o f  t e s t i c u l a r  p r o t e i n s  c o u l d  h a v e  o c c u r r e d  g e n e r a l l y  
t h r o u g h o u t  t h e  s p e r m  p o p u l a t i o n ,  b u t  may n o t  h a v e  b e e n  
d e t e c t e d  a g a i n s t  t h e  g e n e r a l l y  i n c r e a s e d  s t a i n i n g  
i n t e n s i t y ,  o r  p o s s i b l y  a s  a  r e s u l t  o f  a  l a c k  o f  
s p e c i f i c i t y  o f  t h e  a n t i s e r u m .
S t a i n i n g  o f  s p e r m a t o z o a ,  r e c o v e r e d  f r o m  t h e  u t e r o v a g i n a l  
j u n c t i o n  a n d  i n f u n d i b u l u m ,  f o l l o w i n g  m u l t i p l e  i n t r a v a g i n a l  
i n s e m i n a t i o n ,  w i t h  a n t i s e r u m  r a i s e d  a g a i n s t  s e m i n a l  p l a s m a  
p r o t e i n s ,  d i d  n o t  r e v e a l  a n y  o v i d u c t - i n d u c e d  c h a n g e  i n  
s p e r m  s u r f a c e  a n t i g e n i c i t y  a t  a r o u n d  t h e  t i m e  o f  o v u l a t i o n
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( s e e  3. 6. 1. ) ,  t h u s  a p p a r e n t l y  c o n f i r m in g  t h e  f i n d i n g  by
M o r r i s  e t  a l . ( 1 9 8 7 )  t h a t  c h i c k e n  s p e r m  s u r f a c e  
a n t i g e n i c i t y  a p p e a r s  u n c h a n g e d  b y  s p e r m  s t o r a g e  i n  t h e  
u t e r o v a g i n a l  j u n c t i o n  SSTs. T h e s e  r e s u l t s  w o u l d  a p p e a r  t o  
c o n t r a d i c t  t h o s e  o b t a i n e d  f o r  s p e r m a t o z o a  p r e v i o u s l y  
i n c u b a t e d  i n - v i t r o  w i t h  OPF ( s e e  3. 6. 2. ). H ow ever ,  i t  i s  
q u e s t i o n a b l e  w h e t h e r  a n y  m e a n i n g f u l  c o m p a r i s o n  c a n  b e  made 
b e t w e e n  r e s u l t s  o b t a i n e d  f r o m  t h e  s t a i n i n g  o f  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  o v i d u c t  a t  a r o u n d  t h e  t i m e  o f  
o v u l a t i o n ,  a n d  7 u n s e l e c t e d 7 s p e r m a t o z o a  i n c u b a t e d  i n - v i t r o  
w i t h  OPF. G e n e r a l l y ,  s p e r m  n u m b e r s  r e c o v e r e d  f r o m  t h e  
a n t e r i o r  o v i d u c t  w e r e  v e r y  l o w  c o m p a r e d  w i t h  t h e  n u m b e r s  
o f  s p e r m a t o z o a  u s e d  f o l l o w i n g  i n - v i t r o  t r e a t m e n t s ,  
p o t e n t i a l l y  r e s u l t i n g  i n  d i f f e r e n t i a l  s t a i n i n g  b e t w e e n  t h e  
2 g r o u p s .  T h i s  i s  l i k e l y  t o  h a v e  b e e n  f u r t h e r  i n f l u e n c e d  
b y  t h e  p r e s e n c e  o f  o v i d u c a l  t i s s u e  i n  o v i d u c a l  s p e r m  
p r e p a r a t i o n s .  F u r t h e r m o r e ,  t h e  i n f u n d i b u l a r  SSTs a r e  
c o n s i d e r a b l y  s m a l l e r ,  s h a l l o w e r  a n d  l e s s  d i f f e r e n t i a t e d  
t h a n  t h e i r  u t e r o v a g i n a l  j u n c t i o n  c o u n t e r p a r t s .  G r i g g  
( 1 9 5 7 )  s u g g e s t e d  t h a t  r e l e a s e  o f  s p e r m a t o z o a  f r o m  t h e  
i n f u n d i b u l a r  SSTs m i g h t  b e  d u e  t o  m e c h a n i c a l  p r e s s u r e  by  
t h e  ovum w h i l e  p a s s i n g  t h r o u g h  t h e  i n f u n d i b u l u m .  Thus  
s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  i n f u n d i b u l a r  l u m e n  c o u l d  
h a v e  b e e n  e x p e l l e d  f r o m  SSTs d u r i n g  t i s s u e  h a n d l i n g  a n d  
w a s h i n g  a n d  t h e r e f o r e  may n o t  h a v e  b e e n  e x p o s e d  t o  OPF 
p r i o r  t o  s t a i n i n g .
A s h i z a w a  a n d  W i s h a r t  (1 9 9 2 )  r e p o r t e d  t h a t  OPF s t i m u l a t e d  
s p e r m  m o t i l i t y  i n - v i t r o  v i a  2 f a c t o r s ;  c a l c i u m ,  a n d  a  l o w
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m o l e c u l a r  w e i g h t  f a c t o r  ( 0 . 2  k d ) .  A l t h o u g h  A s h i z a w a  a n d  
W i s h a r t  ( 1 9 9 2 )  m e a s u r e d  s p e r m  m o t i l i t y  a f t e r  o n l y  
15 s e c o n d s  o f  i n c u b a t i o n  i n  OPF, much e a r l i e r  t h a n  i n  t h i s  
s t u d y ,  OPF was f o u n d  i n  t h e  p r e s e n t  w o rk ,  t o  h a v e  a n
a l m o s t  i m m e d i a t e  i n h i b i t o r y  e f f e c t  on  s p e r m  m o t i l i t y ,  
r e n d e r i n g  s p e r m a t o z o a  a l m o s t  i m m o t i l e  w i t h i n  5 m i n u t e s .
S p e r m a t o z o a  a p p e a r e d  t o  r e m a i n  o t h e r w i s e  v i a b l e  ( s e e  
3. 6. 2. ). A s h i z a w a  a n d  W i s h a r t  (1 9 9 2 )  o b s e r v e d
m o t i l i t y - s t i m u l a t i n g  e f f e c t s  a t  OPF w o r k i n g  c o n c e n t r a t i o n s  
o f  up  t o  10%. H ow ever ,  i f  s p e r m a t o z o a  a r e  b a t h e d  i n  t h i s  
f l u i d  p r i o r  t o  f e r t i l i s a t i o n ,  t h e n  t h e  OPF c o n c e n t r a t i o n  
o f  50% u s e d  i n  t h i s  s t u d y  w o u l d  s eem  more  r e p r e s e n t a t i v e  
o f  t h e  p h y s i o l o g i c a l  c o n c e n t r a t i o n .  G i v e n  t h a t  OPF
c o n t a i n s  a p p r o x i m a t e l y  2mM Ca2+ ( A s h i z a w a  a n d  W i s h a r t ,
1 9 9 2 ) ,  a  c o n c e n t r a t i o n  s t i m u l a t o r y  t o  s p e r m  m o t i l i t y  a t  
40 °C ( W i s h a r t  & A s h i z a w a ,  1 9 8 7 ) ,  t h e  m o t i l i t y  i n h i b i t i o n  
o b s e r v e d  m u s t  h a v e  b e e n  d u e  t o  some f a c t o r  p r e s e n t  i n  t h e  
f l u i d ,  r a t h e r  t h a n  a  l a c k  o f  Ca2+.
A l t h o u g h  i t  i s  by  no  means c l e a r  t h a t  s p e r m a t o z o a  i n t e r a c t  
w i t h  OPF i n - v i v o  p r i o r  t o  f e r t i l i s a t i o n ,  i t  i s  p o s s i b l e  
t h a t  t h e  e f f e c t s  o f  OPF on  s p e r m  m o t i l i t y  a n d  s p e r m  
s u r f a c e  a n t i g e n i c i t y  o b s e r v e d  i n - v i t r o  a l s o  o c c u r  i n - v i v o . 
I f  t h i s  i s  t h e  c a s e ,  t h e n  i t  w o u l d  a p p e a r  t h a t  OPF may 
u n m a sk  s p e c i f i c  r e c e p t o r s  on  t h e  s p e r m  s u r f a c e  f o r  t h e  
ovum a n d  r e n d e r  f e r t i l i s i n g  s p e r m a t o z o a  i m m o t i l e .  The 
n e w l y  o v u l a t e d  c h i c k e n  ovum f i l l s  t h e  e n t i r e  l u m e n  o f  t h e  
i n f u n d i b u l u m ,  t h e  s i t e  o f  f e r t i l i s a t i o n  (L ak e ,  1 9 8 4 ) ,  a n d  
w o u l d  t h e r e f o r e  a u t o m a t i c a l l y  e n c o u n t e r  a n y  s p e r m a t o z o a
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p r e s e n t  t h e r e .  T h e r e  i s  no e v i d e n c e  t o  s u g g e s t  t h a t  
c h i c k e n  s p e r m a t o z o a  r e q u i r e  t o  b e  m o t i l e  i n  o r d e r  t o  
f e r t i l i s e  o v a  i n - v i v o , a n d  s p e r m a t o z o a  a r e  b e l i e v e d  t o  b e  
p a s s i v e l y  t r a n s p o r t e d  t h r o u g h  t h e  a n t e r i o r  o v i d u c t  t o  t h e  
s i t e  o f  f e r t i l i s a t i o n  ( F u j i i  & Tam ura ,  1963; Van K r e y  e t  
a l .  , 1 9 6 7 ) .
I f  OPF i s  n e c e s s a r y  f o r  u n m a s k i n g  s p e c i f i c  e g g - b i n d i n g  
p r o t e i n s  i n - v i v o  p r i o r  t o  s p e c i f i c  s p e r m - e g g  i n t e r a c t i o n ,  
t h e n  i t  w o u l d  s eem  n e c e s s a r y  f o r  a  s i m i l a r  p r o c e s s  t o  t a k e  
p l a c e  i n - v i t r o . I n  t h e  a b s e n c e  o f  OPF t h i s  m i g h t  s u g g e s t
a  r o l e f o r t h e i n n e r  p e r i v i t e l l i n e l a y e r  i n - v i t r o .
p o s s i b l y v i a some d i f f u s a b l e f a c t o r . D i f f u s a b l e  e g g
f a c t o r s h a v e b e e n i m p l i c a t e d i n  f e r t i l i s a t i o n  i n  some
a n u r a n  a m p h i b i a n s  ( s e e  K a t a g i r i ,  1 9 8 7 ) .  However ,  t h e  l a c k  
o f  a n y  o b s e r v a b l e  d i f f e r e n c e  i n  t h e  r e a c t i o n  o f  
s p e r m a t o z o a  w i t h  WGA o r  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s ,  i n  t h e  p r e s e n c e  o r  
a b s e n c e  o f  i n n e r  p e r i  v i t e l l i n e  l a y e r  ( s e e  3. 6. 2. ) w o u l d  
s u g g e s t  t h e  a b s e n c e  o f  a n y  s u c h  e f f e c t .  A p o s s i b l e  
e x p l a n a t i o n  f o r  t h i s ,  a s  s u g g e s t e d  p r e v i o u s l y  ( s e e
4. 3. 1. ) ,  i s  t h a t  s p e c i f i c  u n m a s k i n g  o f  s p e r m  s u r f a c e  
p r o t e i n s  may n o t  h a v e  b e e n  d e t e c t e d  b y  t h e  r e l a t i v e l y  
i n s e n s i t i v e  p r o b e s  u s e d .  A f u r t h e r  p o s s i b i l i t y  i s  t h a t  i n  
a n  i n - v i t r o  s y s t e m  c o n t a i n i n g  20 X 106 s p e r m a t o z o a  i n  a 
f a i r l y  l a r g e  v o lu m e  o f  medium, o n l y  a  v e r y  s m a l l  
p r o p o r t i o n  o f  s p e r m a t o z o a  e n t e r i n g  i n t o  t h e  c l o s e  v i c i n i t y  
o f  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  w o u l d  be  a f f e c t e d  b y  a n y  
d i f f u s a b l e  f a c t o r .  S u b t l e  s u r f a c e  c h a n g e s  i n  a  r e l a t i v e l y
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s m a l l  n u m b e r  o f  s p e r m a t o z o a  a r e  n o t  l i k e l y  t o  b e  d e t e c t e d  
a g a i n s t  t h e  g e n e r a l  v a r i a b i l i t y  o f  s p e r m  s t a i n i n g  w i t h i n  
a n y  g i v e n  s a m p l e .
4. 3. 2. I n t r a s u e c i e s  S p e r m - I n n e r  P e r i  v i t e l l i n e  L a v e r
I n t e r a c t i o n
I t  h a s  b e e n  known f o r  some t i m e  t h a t  t h e  a c r o s o m e  o f  
c h i c k e n  s p e r m a t o z o a  c o n t a i n s  a t r y p s i n - l i k e  enzym e 
( L a n g f o r d  & H o w a r th ,  1974; Ho & M e i z e l ,  1975; Brown & 
H a r t r e e ,  1 9 7 6 ) .  The u s e  o f  F I T C - c o n j u g a t e d  WGA t o  s t a i n  
t h e  i n n e r  p e r i v i t e l l i n e  l a y e r ,  a s t r u c t u r e  a n a l o g o u s  t o  
t h e  m am m al ian  z o n a  p e l l u c i d a  ( H o w a r th ,  1 9 9 0 ) ,  a l l o w s  
q u a n t i t a t i o n  o f  s p e r m  a c r o s o m e  r e a c t i o n s  a n d  p r o v i d e s  a 
s i m p l e  t e c h n i q u e  f o r  t h e  a s s a y  o f  s p e r m - i n n e r
p e r i  v i t e l l i n e  l a y e r  i n t e r a c t i o n  ( s e e  3. 6. 3. ). 
F u r t h e r m o r e ,  t h i s  w o r k  c o n f i r m s  e a r l i e r  r e p o r t s  b y  Ho a n d  
M e i z e l  ( 1 9 7 5 ) ,  B a k s t  a n d  H o w a r th  ( 1 9 7 7 b )  a n d  Okamura  a n d  
N i s h i y a m a  ( 1 9 7 8 )  o f  h y d r o l y s i s  o f  t h e  i n n e r  p e r i v i t e l l i n e  
l a y e r  b y  a c r o s o m a l  enzym es .
B a k s t  a n d  H o w a r th  ( 1 9 7 7 b )  p o s t u l a t e d  t h a t  c h i c k e n
s p e r m a t o z o a  d o  n o t  u n d e r g o  a  m am m al ian  o r  i n v e r t e b r a t e  
t y p e  o f  a c r o s o m e  r e a c t i o n  ( F r a n k l i n ,  1970; Y a n a g i m a c h i ,
1 9 7 3 ) ,  b u t  r e p o r t e d  a f e n e s t r a t e d  a p p e a r a n c e  o f  t h e  
a c r o s o m a l  mem brane .  However ,  i n  t h i s  s t u d y ,  s p e r m a t o z o a  
w e r e  o b s e r v e d  i n  a s s o c i a t i o n  w i t h  h y d r o l y s e d  a r e a s  o f  t h e  
i n n e r  p e r i v i t e l l i n e  l a y e r  ( s e e  F i g u r e  54) a n d  a t  t i m e s
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c l e a r l y  l a c k i n g  t h e  a c r o s o m a l  c a p  ( n o t  s h o w n ) .  T h e s e
o b s e r v a t i o n s  c o n c u r  w i t h  t h o s e  made by  K o y a n a g i  e t  a l . 
( 1 9 8 8 ) ,  who, u s i n g  p h a s e  c o n t r a s t  a n d  s c a n n i n g  e l e c t r o n  
m i c r o s c o p y ,  r e p o r t e d  a  l a c k  o f  a c r o s o m a l  c a p s  on  
s p e r m a t o z o a  i n c u b a t e d  i n - v i t r o  w i t h  i n n e r  p e r i v i t e l l i n e  
l a y e r .  I t  m i g h t  b e  e x p e c t e d  t h a t  s p e r m a t o z o a  f r o m  
d o m e s t i c  b i r d s  w o u l d  u n d e r g o  a  m am m al ian  t y p e  a c r o s o m e  
r e a c t i o n ,  g i v e n  t h a t  m am m al ian  t y p e  a c r o s o m e  r e a c t i o n s  a r e  
o b s e r v e d  i n  l o w e r  v e r t e b r a t e s  e . g . a n u r a n  a m p h i b i a n s  ( s e e  
K a t a g i r i ,  1987)  a n d  i n v e r t e b r a t e s  e. a . e c h i n o d e r m s  ( s e e  
Longo ,  1 9 8 7 ) .
R e s u l t s  o b t a i n e d  f r o m  t h e  i n c u b a t i o n  o f  c h i c k e n  
s p e r m a t o z o a  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  n e w l y  
o v u l a t e d  e g g s  a n d  w h o l e  p e r i v i t e l l i n e  l a y e r  f r o m  f r e s h l y  
l a i d  e g g s  s u g g e s t  t h a t  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r  
i n t e r a c t i o n  i n  d o m e s t i c  b i r d s  i s  a s p e c i f i c  r e c e p t o r  
m e d i a t e d  p r o c e s s  ( s e e  T a b l e  1 7 ) ,  s u p p o r t i n g  t h e  h y p o t h e s i s  
a d v a n c e d  b y  H o w a r th  (1 9 9 0 )  o f  s i m i l a r i t y  w i t h  s p e r m - z o n a  
p e l l u c i d a  i n t e r a c t i o n  i n  mammals ( S t o r e y  e t  a l . , 1984;
B l e i l  & W assa rm an ,  1 9 8 3 ) .  A s p e c i f i c  r e c e p t o r - m e d i a t e d  
p r o c e s s  m i g h t  b e  e x p e c t e d  f o r  d o m e s t i c  b i r d s ,  g i v e n  t h a t  a 
s i m i l a r  i n t e r a c t i o n  h a s  b e e n  shown t o  o c c u r  b e t w e e n  
s p e r m a t o z o a  a n d  t h e  v i t e l l i n e  c o a t  o f  a n u r a n  a m p h i b i a n s  
( s e e  K a t a g i r i ,  1 9 8 7 ) ,  a n d  t h e  v i t e l l i n e  e n v e l o p e  o f  
e c h i n o d e r m s  ( s e e  Longo,  1 9 8 7 ) .  The o u t e r  p e r i v i t e l l i n e  
l a y e r  h a s  b e e n  r e p o r t e d  t o  b e  i m p e n e t r a b l e  b y  s p e r m a t o z o a  
( B a k s t  & H o w a r th ,  1 9 7 7 b ) .  Thus  a c r o s o m e  r e a c t i o n s  
o b s e r v e d  o n  w h o l e  p e r i v i t e l l i n e  l a y e r  w o u l d  n e c e s s a r i l y
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h a v e  o c c u r r e d  v i a  n o n - r e c e p t o r  m e d i a t e d  s p e r m  i n t e r a c t i o n  
w i t h  t h e  i n n e r  a s p e c t  o f  t h e  e g g  p l a s m a  m em brane .  Thus 
n o n  s p e c i f i c  s p e r m - e g g  i n t e r a c t i o n s  o c c u r ,  b u t  a t  a 
f r e q u e n c y  o f  o n l y  a p p r o x i m a t e l y  7% o f  i n t e r a c t i o n s  
o c c u r r i n g  a t  t h e  o u t e r  a s p e c t  o f  t h e  i n n e r  p e r i v i t e l l i n e  
l a y e r .  K o y a n a g i  e t  a l . ( 1 9 8 8 )  o b s e r v e d  s p o n t a n e o u s
c h i c k e n  a c r o s o m e  r e a c t i o n s  i n  t h e  a b s e n c e  o f  p e r i v i t e l l i n e  
l a y e r .
The  r e s u l t s  o b t a i n e d  b y  H o w a r th  ( 1 9 7 1 ) ,  H o w a r t h  a n d  P a l m e r  
( 1 9 7 2 )  a n d  F u j i h a r a  e t  a l . ( 1 9 7 3 )  do  n o t  n e c e s s a r i l y  
p r e c l u d e  c a p a c i t a t i o n  o f  c h i c k e n  s p e r m a t o z o a .  G i v e n  t h a t  
a p p r o x i m a t e l y  2 X 10s s p e r m a t o z o a  w e r e  l a y e r e d  d i r e c t l y  
o v e r  t h e  g e r m i n a l  d i s c  a r e a  o f  t h e  ovum, t h e n  i t  w o u l d  
s ee m  l i k e l y  t h a t  f e r t i l i s a t i o n  c o u l d  t a k e  p l a c e  a s  a 
r e s u l t  o f  n o n - s p e c i f i c  s p e r m - e g g  i n t e r a c t i o n .  Thus
s u c c e s s f u l  i n - v i t r o  f e r t i l i s a t i o n s  o b s e r v e d  i n  t h e s e  
e x p e r i m e n t s  c o u l d  h a v e  b e e n  a r t e f a c t u a l .  T h i s  h y p o t h e s i s  
r e c e i v e s  f u r t h e r  s u p p o r t  f r o m  t h e  f e r t i l i t y  r e s u l t s  
o b t a i n e d .  W i s h a r t  (1 9 8 7 )  r e p o r t e d  t h e  a p p e a r a n c e  o f  
a p p r o x i m a t e l y  0.2% (9 9 0 0 0  s p e r m a t o z o a )  o f  60 X 106
i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  i n  t h e  e n t i r e  
p e r i v i t e l l i n e  l a y e r  o f  t h e  f i r s t  f e r t i l e  e g g ,  t h u s  
s u g g e s t i n g  t h a t  t h e  i n t r o d u c t i o n  o f  2 X 106 s p e r m a t o z o a  
d i r e c t l y  o v e r  t h e  g e r m i n a l  d i s c  a r e a  may b e  e x c e s s i v e .  
F u r t h e r m o r e ,  o u t  o f  38 t r e a t e d  o v a ,  F u j i h a r a  e t  a l . ( 1 9 7 3 )  
r e p o r t e d  o n l y  11 s u c c e s s f u l  f e r t i l i s a t i o n s .  S i m i l a r l y ,  
H o w a r t h  a n d  P a l m e r  (1 9 7 2 )  o b t a i n e d  o n l y  2 s u c c e s s f u l l y  
f e r t i l i s e d  o v a  f r o m  5 i n c u b a t e d  w i t h  s p e r m a t o z o a .  H o w a r th
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( 1 9 7 1 )  o b s e r v e d  s i m i l a r  f e r t i l i s a t i o n  r a t e s  i n - v i t r o  a n d  
i n  a r t i f i c i a l l y  i n s e m i n a t e d  c o n t r o l s .  H ow ever ,  t h e  n u m b e r  
o f  s p e r m a t o z o a  i n c u b a t e d  w i t h  t h e  ovum i n - v i t r o  was l i k e l y  
t o  h a v e  b e e n  c o n s i d e r a b l y  g r e a t e r  t h a n  t h e  n u m b e r  o f  
s p e r m a t o z o a  e x p o s e d  t o  t h e  f i r s t  f e r t i l e  e g g  i n - v i v o  
f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n .  Thus  f e r t i l i s a t i o n  
i n - v i v o  was l i k e l y  t o  h a v e  b e e n  c o n s i d e r a b l y  m ore  
e f f i c i e n t  t h a n  i n - v i t r o .
The d r a m a t i c  r e d u c t i o n  i n  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r  
i n t e r a c t i o n  d u r i n g  a 5 m i n u t e  i n c u b a t i o n  i n  t h e  p r e s e n c e  
o f  OPF ( s e e  T a b l e  1 7 ) ,  c l e a r l y  s u g g e s t s  t h a t  s p e r m - i n n e r  
p e r i v i t e l l i n e  l a y e r  i n t e r a c t i o n  i n - v i t r o  i s  m o t i l i t y -  
d e p e n d e n t ,  p o s s i b l y  i n  c o n t r a s t  t o  t h e  s i t u a t i o n  i n - v i v o .
C h i c k e n  s p e r m a t o z o a  p r e v i o u s l y  i n c u b a t e d  w i t h  s o n i c a t e d  
p r e p a r a t i o n s  o f  i n n e r  o r  w h o l e  p e r i v i t e l l i n e  l a y e r  
s u b s e q u e n t l y  e x h i b i t e d  d r a s t i c a l l y  r e d u c e d  i n t e r a c t i o n  
w i t h  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  ( s e e  T a b l e  19 ) .  The 
o b s e r v a t i o n  t h a t  s p e r m a t o z o a  r e m a i n e d  m o t i l e  t h r o u g h o u t  
b o t h  i n c u b a t i o n s  s u g g e s t s  p r e v e n t i o n  o f  i n t e r a c t i o n  w i t h  
t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  a s  a r e s u l t  o f  t h e  
a d s o r p t i o n  o f  e g g - b i n d i n g  p r o t e i n s  f r o m  s o n i c a t e d  
p r e p a r a t i o n s ,  t h u s  p r o v i d i n g  f u r t h e r  s u p p o r t  f o r  t h e  
h y p o t h e s i s  t h a t  s p e r m - e g g  i n t e r a c t i o n  i n  d o m e s t i c  b i r d s  i s  
a  s p e c i f i c  p r o c e s s .  S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  by  
H o w a r th  ( 1 9 9 0 ) ,  who, u s i n g  s p e r m a t o z o a  a t  a  c o n c e n t r a t i o n  
o f  250 X 106/ m l  o b s e r v e d  t h a t  d u r i n g  a  60 m i n u t e  
i n c u b a t i o n  f o l l o w i n g  s p e r m  e x p o s u r e  t o  s o l u b i l i s e d  i n n e r
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p e r i v i t e l l i n e  l a y e r ,  i n n e r  p e r i v i t e l l i n e  l a y e r  s h e e t s  w e r e  
n o t  f r a g m e n t e d .  However ,  no  e s t i m a t i o n  o f  s p e r m  m o t i l i t y  
was made d u r i n g  e i t h e r  o f  t h e  i n c u b a t i o n s .  F u r t h e r m o r e ,  
t h e  r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  a l l o w e d  q u a n t i t a t i o n  o f  
t h e  e f f e c t  o f  p r e - i n c u b a t i o n  w i t h  s o n i c a t e d  i n n e r  
p e r i v i t e l l i n e  l a y e r  p r o t e i n s ,  r a t h e r  t h a n  t h e  p u r e l y  
q u a l i t a t i v e  i n f o r m a t i o n  p r o v i d e d  b y  t h e  e a r l i e r  s t u d y .
R e s u l t s  o b t a i n e d  f r o m  t h e  i n c u b a t i o n  o f  c h i c k e n  
s p e r m a t o z o a  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  f r o m  e a r l y  o r  
i n t e r m e d i a t e  f o l l i c u l a r  o v a  ( s e e  T a b l e  17) s u g g e s t s  t h a t  
s p e r m - b i n d i n g  p r o t e i n s  a r e  p r e s e n t  a n d  f u n c t i o n a l  a t  a 
f a i r l y  e a r l y  s t a g e  o f  o o c y t e  d e v e l o p m e n t ,  a n d  c o n c u r  w i t h  
r e s u l t s  f r o m  p r e v i o u s  s t u d i e s  i n  v e r t e b r a t e s  a n d  
i n v e r t e b r a t e s ,  w h i c h  h a v e  g e n e r a l l y  i n d i c a t e d  t h e  a b i l i t y  
o f  s p e r m a t o z o a  t o  p e n e t r a t e  o o c y t e s  a t  e a r l y  s t a g e s  o f  
m a t u r a t i o n  ( s e e  Longo ,  1 9 8 7 ) .
The c o n c e n t r a t i o n  o f  a c r o s o m e  r e a c t i o n s  o n  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  f r o m  t h e  a n i m a l  a n d  v e g e t a l  p o l e s  d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  ( s e e  T a b l e  1 7 ) ,  i n d i c a t i n g  a l a c k  
o f  p r e f e r e n t i a l  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r  
i n t e r a c t i o n  a t  e i t h e r  p o l e .  T h e s e  r e s u l t s  w o u l d  a p p e a r  t o  
c o n t r a d i c t  t h o s e  o f  H o w a r th  a n d  D ig b y  ( 1 9 7 3 ) ,  Ho a n d  
M e i z e l  ( 1 9 7 5 )  a n d  B a k s t  a n d  H o w a r th  ( 1 9 7 7 b ) ,  who r e p o r t e d  
t h e  p r e f e r e n t i a l  h y d r o l y s i s  o f  t h e  r e g i o n  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  o v e r l y i n g  t h e  g e r m i n a l  d i s c .  H ow ever ,  
p r e f e r e n t i a l  h y d r o l y s i s  r e p o r t e d  b y  Ho a n d  M e i z e l  ( 1 9 7 5 )  
was b a s e d  o n  t h e  r a t e  a t  w h i c h  f i l t e r  p a p e r s  s o a k e d  i n
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c h i c k e n  s p e r m  a c r o s o m a l  e x t r a c t  h y d r o l y s e d  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  o f  a n  i n t a c t  m a t u r e  f o l l i c u l a r  e g g  
i n - v i t r o , a n d  h i g h l i g h t e d  p o s s i b l e  d i f f e r e n c e s  i n  i n n e r  
p e r i v i t e l l i n e  l a y e r  s t r u c t u r e  o r  i n  c o m p o s i t i o n  a n d  
s t r u c t u r e  o f  u n d e r l y i n g  m a t e r i a l  b e t w e e n  t h e  a n i m a l  a n d  
v e g e t a l  p o l e s ,  r a t h e r  t h a n  d i f f e r e n c e s  i n  s p e r m  b i n d i n g  
a f f i n i t y .  B a k s t  a n d  H o w a r th  ( 1 9 7 7 b )  r e p o r t e d  t h e
p r e f e r e n t i a l  h y d r o l y s i s  o f  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  
a t  t h e  a n i m a l  p o l e ,  f o l l o w i n g  a  15 m i n u t e  i n c u b a t i o n  o f  
n e w l y  o v u l a t e d  e g g s  w i t h  s p e r m a t o z o a  i n - v i t r o . From t h e s e  
r e s u l t s ,  t h e y  p o s t u l a t e d  t h e  e x i s t e n c e  o f  a c o n c e n t r a t e d  
a r r a y  o f  s p e r m - b i n d i n g  p r o t e i n s  a s s o c i a t e d  w i t h  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  a t  t h e  a n i m a l  p o l e .  H ow ever ,  t h e i r  
a s s e s s m e n t  o f  i n n e r  p e r i v i t e l l i n e  l a y e r  dam age  was 
q u a l i t a t i v e  r a t h e r  t h a n  q u a n t i t a t i v e  a n d  may a l s o  h a v e  
r e f l e c t e d  a n  i n c r e a s e d  s u s c e p t i b i l i t y  o f  t h e  p e r i v i t e l l i n e  
l a y e r  a t  t h e  a n i m a l  p o l e  t o  h y d r o l y s i s ,  r a t h e r  t h a n  a n  
i n c r e a s e d  s p e r m - b i n d i n g  a f f i n i t y .  F u r t h e r m o r e ,  SDS-PAGE 
m i g h t  b e  e x p e c t e d  t o  r e v e a l  a n y  s i g n i f i c a n t  i n c r e a s e  i n  
s p e r m - b i n d i n g  p r o t e i n s  a t  t h e  a n i m a l  p o l e .  H ow ever ,  i n  
t h i s  s t u d y ,  no  d i f f e r e n c e  was o b s e r v e d  i n  t h e  r e l a t i v e  
c o n c e n t r a t i o n s  o f  p e r i v i t e l l i n e  l a y e r  p r o t e i n s  f r o m  t h e  
a n i m a l  o r  v e g e t a l  p o l e s  ( s e e  3. 6. 3. 1. ).
G i v e n  t h a t  f e r t i l i s a t i o n  t a k e s  p l a c e  w i t h i n  t h e  g e r m i n a l  
d i s c  o f  t h e  a n i m a l  p o l e ,  i t  w o u l d  s eem  i l l o g i c a l  t h a t  
s p e r m a t o z o a  s h o u l d  h a v e  e q u a l  a c c e s s  t o  t h e  i n n e r  
p e r i v i t e l l i n e  l a y e r  a t  t h e  a n i m a l  a n d  v e g e t a l  p o l e s .  
H o w a r t h  a n d  D ig b y  (1 9 7 3 )  r e p o r t e d  t h e  r u p t u r e  o f  t h e
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i n n e r  p e r i v i t e l l i n e  l a y e r  o v e r l y i n g  t h e  g e r m i n a l  d i s c  
a r e a ,  f o l l o w i n g  t h e  i n c u b a t i o n  o f  i n t a c t  n e w l y  o v u l a t e d  
e g g s  w i t h  s p e r m a t o z o a ,  a n d  p o s t u l a t e d  t h e  c h e m o t a c t i c  
a t t r a c t i o n  o f  s p e r m a t o z o a  t o  t h e  g e r m i n a l  d i s c  r e g i o n .  
A l t h o u g h  t h e i r  r e s u l t s  c o u l d  b e  i n t e r p r e t e d  s i m i l a r l y  t o  
t h o s e  o b t a i n e d  b y  Ho a n d  M e i z e l  ( 1 9 7 5 ) ,  c h e m o t a x i s  m i g h t  
e x p l a i n  t h e  l a c k  o f  p r e f e r e n t i a l  h y d r o l y s i s  o f  i n n e r  
p e r i v i t e l l i n e  l a y e r  f r o m  t h e  a n i m a l  p o l e  i n  t h i s  s t u d y .  
I t  i s  l i k e l y  t h a t  a n y  c h e m o t a c t i c  s t i m u l u s  r e l e a s e d  b y  
t h e  a n i m a l  p o l e  o f  t h e  i n t a c t  e g g  w o u l d  b e  a b s e n t  o r  
s e v e r e l y  d i m i n i s h e d  i n  t h e  i n - v i t r o  s y s t e m  u s e d  i n  t h i s  
s t u d y .
306
4. 4.
P e r l v i t e l l i n e  L a y e r  a s  B a r r i e r s  t o  I n t e r s p e c i e s  
F e r t i l i s a t i o n
R e l a t i v e  Im p o r ta n c e  o f___t h e  V a g in a ___and___I n n e r
4. 4. 1. I n t e r s u e c i e s  S p e r m - I n n e r  P e r i  v i t e l l i n e  L a v e r
I n t e r a c t i o n
T u r k e y ,  g u i n e a  f o w l  a n d  d u c k  s p e r m a t o z o a  h y d r o l y s e d  
c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  i n - v i t r o  ( s e e  T a b l e  1 8 ) ,  
i n d i c a t i n g  i n c o m p l e t e  s p e c i e s  s p e c i f i c i t y  a t  t h i s  l e v e l .  
T h i s  o b s e r v a t i o n  i s  f u r t h e r  s u p p o r t e d  b y  t h e  d r a m a t i c  
r e d u c t i o n  i n  t u r k e y  s p e r m - c h i c k e n  i n n e r  p e r i v i t e l l i n e  
l a y e r  i n t e r a c t i o n  s u b s e q u e n t  t o  i n c u b a t i o n  w i t h  s o n i c a t e d  
c h i c k e n  i n n e r  o r  w h o l e  p e r i v i t e l l i n e  l a y e r  ( s e e  T a b l e  19 ) .  
H ow ever ,  c h i c k e n  a n d  g u i n e a  f o w l  i n n e r  p e r i v i t e l l i n e  
l a y e r s  w e r e  h y d r o l y s e d  p r e f e r e n t i a l l y  b y  h o m o lo g o u s  
s p e r m a t o z o a ,  i n d i c a t i n g  a  d e g r e e  o f  s p e c i e s  s p e c i f i c i t y ,  
s i m i l a r  t o  t h a t  o b s e r v e d  i n  c l o s e l y  r e l a t e d  m am m al ian  
s p e c i e s  ( F u k u d a  e t  a l . 1 9 7 9 ) .  D i f f e r e n c e s  i n  c h i c k e n
i n n e r  p e r i v i t e l l i n e  l a y e r  h y d r o l y s i s  a s  a  r e s u l t  o f  
i n c u b a t i o n  w i t h  c h i c k e n  o r  t u r k e y  s p e r m a t o z o a  may a l s o  
h a v e  b e e n  d u e  t o  a  d e g r e e  o f  s p e c i e s  s p e c i f i c i t y ,  b u t  
d i f f e r e n c e s  i n  s p e r m  m o t i l i t y  b e t w e e n  t h e  2 s p e c i e s  may 
a l s o  h a v e  b e e n  p a r t i a l l y  r e s p o n s i b l e .  P o o r  h o m o lo g o u s  a n d  
h e t e r o l o g o u s  i n n e r  p e r i v i t e l l i n e  l a y e r  h y d r o l y s i s  by  
g u i n e a  f o w l  s p e r m a t o z o a  i s  l i k e l y  t o  h a v e  b e e n  d u e  t o  
r a p i d  l o s s  o f  m o t i l i t y  i n - v i t r o  f o l l o w i n g  c o l l e c t i o n  
( J .  P. B r i l l a r d ,  p e r s o n a l  c o m m u n i c a t i o n ) .  Duck s p e r m a t o z o a  
w e r e  o b s e r v e d  t o  b e  v i g o r o u s l y  m o t i l e  p r i o r  t o
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h e t e r o l o g o u s  i n c u b a t i o n s  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r ,  
t h u s  p o o r  h y d r o l y s i s  o f  c h i c k e n  a n d  g u i n e a  f o w l  i n n e r  
p e r i v i t e l l i n e  l a y e r  may h a v e  b e e n  d u e  t o  l o w  a f f i n i t y  f o r  
h e t e r o l o g o u s  s p e r m  b i n d i n g  p r o t e i n s .  T h i s  m i g h t  b e  
e x p e c t e d ,  g i v e n  t h a t  t h e  d u c k  b e l o n g s  t o  a  d i f f e r e n t  o r d e r  
o f  b i r d s  ( A n s e r i f o r m e s ) f r o m  t h e  c h i c k e n  a n d  g u i n e a  f o w l ,  
w h i c h  a r e  c l o s e l y  r e l a t e d  members  o f  t h e  o r d e r  G a l l i f o r m e s  
( P y c r a f t ,  1 9 3 1 ) .
The r e s u l t s  o b t a i n e d  f r o m  t h e  i n c u b a t i o n  o f  c h i c k e n  
s p e r m a t o z o a  w i t h  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r ,  
f o l l o w i n g  i n c u b a t i o n  w i t h  s o n i c a t e d  c h i c k e n ,  q u a i l  o r  
t u r k e y  w h o l e  p e r i v i t e l l i n e  l a y e r  ( s e e  T a b l e  19) i n d i c a t e  
c o n s i d e r a b l y  l e s s  i n t e r a c t i o n  o f  c h i c k e n  s p e r m a t o z o a  w i t h  
q u a i l  w h o l e  p e r i v i t e l l i n e  l a y e r  p r o t e i n s ,  t h a n  w i t h  
c h i c k e n  o r  t u r k e y ,  g i v e n  t h a t  t h e  p r o t e i n  c o n c e n t r a t i o n s  
o f  s o n i c a t e d  p r e p a r a t i o n s  w e r e  s i m i l a r .  T h i s  w o u l d  a p p e a r  
t o  i n d i c a t e  s e l e c t i v i t y  o f  s p e r m - p e r i v i t e l l i n e  l a y e r  
p r o t e i n  i n t e r a c t i o n ,  a n d  s u g g e s t s  t h a t  c h i c k e n  s p e r m a t o z o a  
may r e c o g n i s e  s p e r m - b i n d i n g  p r o t e i n s  o n  t u r k e y  o v a  m ore  
r e a d i l y  t h a n  on  q u a i l  o v a ,  i m p l y i n g  t h a t  c h i c k e n  
s p e r m a t o z o a  may m ore  r e a d i l y  f e r t i l i s e  t u r k e y  t h a n  q u a i l  
ova .
S t a i n i n g  i n t e n s i t i e s  o f  p r o t e i n  b a n d s  on  e l e c t r o p h o r e t i c  
p r o f i l e s  o f  c h i c k e n  i n n e r  p e r i v i t e l l i n e  l a y e r  w e r e  
a f f e c t e d  v a r i a b l y  b y  i n c u b a t i o n  w i t h  w a s h e d  c h i c k e n  
s p e r m a t o z o a  ( s e e  3. 6 . 3 .  1. ) ,  p o s s i b l y  s u g g e s t i n g  a d e g r e e  
o f  s e l e c t i v i t y  i n  u p t a k e  by  t h e  s p e r m  s u r f a c e .  M o l e c u l a r
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w e i g h t s  a s s i g n e d  i n  o t h e r  s t u d i e s  t o  i n n e r  p e r i v i t e l l i n e  
l a y e r  p r o t e i n s  s e p a r a t e d  b y  SDS-PAGE h a v e  v a r i e d .  K ido  
a n d  Doi ( 1 9 8 8 )  r e p o r t e d  3 m a j o r  g l y c o p r o t e i n  b a n d s  a t  32, 
183 a n d  >1000 kd ,  w h e r e a s  H o w a r th  (1 9 9 2 )  r e p o r t e d  m a j o r  
b a n d s  a t  33,  53. 5 a n d  >200 kd. The p r o t e i n  b a n d s  a f f e c t e d  
b y  a b s o r p t i o n  w i t h  s p e r m a t o z o a  i n  t h i s  s t u d y  a p p e a r  t o  
c o i n c i d e  t o  some e x t e n t  w i t h  t h e  m a j o r  i n n e r  p e r i v i t e l l i n e  
c o m p o n e n t s  d e s c r i b e d  b y  b o t h  K id o  a n d  Doi ( 1 9 8 8 )  a n d  
H o w a r t h  ( 1 9 9 2 ) .  The  b a n d  a t  180 k d  i n  t h i s  s t u d y  may b e  
t h e  sam e b a n d  a s  t h a t  d e s c r i b e d  a t  183 kd b y  K id o  a n d  Doi 
( 1 9 8 8 ) ,  w h e r e a s  t h e  b a n d  a t  >200 kd  may b e  t h e  b a n d  
d e s c r i b e d  a t  >200 kd  b y  H o w a r th  ( 1 9 9 2 ) .  The d i s c r e p a n c y  
b e t w e e n  t h e  s t u d i e s  o f  K id o  a n d  Doi (1 9 8 8 )  a n d  H o w a r th
( 1 9 9 2 ) ,  i n  t h e  m o l e c u l a r  w e i g h t  a s s i g n e d  t o  t h e  l o w e r  
m o l e c u l a r  w e i g h t  b a n d  may i n d i c a t e  d i f f e r e n t  p r o t e i n s  o r  
d i f f e r e n t  s t a t e s  o f  t h e  same p r o t e i n .  The b a n d  a t  44 kd  
i n  t h i s  s t u d y  c o u l d  b e  t h e  b a n d  d e s c r i b e d  b y  K id o  a n d  Doi 
( 1988)  a t  32 kd ,  o r  t h a t  d e s c r i b e d  by  H o w a r th  ( 1 9 9 2 )  a t  
53. 5 kd.
T h u s ,  i f  a b s o r p t i o n  o f  m a j o r  i n n e r  p e r i v i t e l l i n e  l a y e r  
g l y c o p r o t e i n s  i s  s e l e c t i v e ,  t h e n  i t  i s  p o s s i b l e  t h a t  a l l  
3 m a j o r  g l y c o p r o t e i n  c o m p o n e n t s  o f  t h e  c h i c k e n  i n n e r  
p e r i v i t e l l i n e  l a y e r  a r e  i n v o l v e d  i n  f e r t i l i s a t i o n .  I n  
mammals,  g e n e r a l l y  o n l y  ZP3 ( S a c c o  e t  a l . , 1984 ,  1 9 86)  o r
ZP3 a n d  ZP2 ( s e e  W assa rm an ,  1992)  b i n d  s p e r m a t o z o a .  I f  
i n n e r  p e r i v i t e l l i n e  l a y e r  p r o t e i n s  i n t e r a c t  s p e c i f i c a l l y  
w i t h  u n m a s k e d  s p e r m  s u r f a c e  p r o t e i n s ,  t h e n  t h e  r e m o v a l  o f  
s p e r m  s u r f a c e  a s s o c i a t e d  p r o t e i n s  b y  w a s h i n g  p r i o r  t o
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i n c u b a t i o n  w i t h  s o n i c a t e d  p r e p a r a t i o n s ,  a n d  t h e i r  
c o n t i n u e d  l o s s  d u r i n g  i n c u b a t i o n  w e r e  l i k e l y  t o  e n h a n c e  
t h e  s e l e c t i v e  u p t a k e  o f  s p e r m - b i n d i n g  p r o t e i n s .  The 
a b s e n c e  o f  t h e  p r o t e i n  b a n d  a t  180 kd  a n d  d r a s t i c a l l y  
r e d u c e d  s t a i n i n g  i n t e n s i t y  o f  t h e  b a n d  a t  >200 k d  f r o m  
a b s o r b e d  c h i c k e n  w h o l e  p e r i v i t e l l i n e  l a y e r ,  w o u l d  a p p e a r  
t o  f u r t h e r  s u p p o r t  t h e  i d e a  o f  s e l e c t i v e  p r o t e i n  
a d s o r p t i o n ,  g i v e n  t h e  r e l a t i v e l y  u n a f f e c t e d  s t a i n i n g  
i n t e n s i t i e s  o f  b a n d s  a t  13 a n d  80 kd. H ow ever ,  t h e  
r e d u c t i o n  i n  s t a i n i n g  i n t e n s i t y  o f  b a n d s  a t  16 a n d  48 kd  
w o u l d  s u g g e s t  some n o n - s e l e c t i v e  u p t a k e  o f  p r o t e i n s  b y  t h e  
s p e r m  s u r f a c e .  F u r t h e r m o r e ,  t h e  a b s e n c e  o f  m o s t  h i g h  
m o l e c u l a r  w e i g h t  p r o t e i n  b a n d s  f r o m  q u a i l  a n d  t u r k e y  w h o l e  
p e r i v i t e l l i n e  l a y e r  p r o f i l e s  f o l l o w i n g  a b s o r p t i o n  m i g h t  
s u g g e s t  e x t e n s i v e  n o n - s e l e c t i v e  u p t a k e  o f  p r o t e i n .  I t  
w o u l d  t h e r e f o r e  s eem  l i k e l y  t h a t  n o n - s e l e c t i v e  u p t a k e  o f  
p r o t e i n  w o u l d  h a v e  c o n t r i b u t e d  t o  t h e  r e d u c t i o n  o f  s p e r m  
i n t e r a c t i o n  w i t h  i n n e r  p e r i v i t e l l i n e  l a y e r  f o l l o w i n g  
i n c u b a t i o n  w i t h  s o n i c a t e d  p e r i v i t e l l i n e  l a y e r
p r e p a r a t i o n s ,  p a r t i c u l a r l y  i n  c a s e s  w h e r e  h e t e r o l o g o u s  
c o m b i n a t i o n s  w e r e  u s e d .
4 . 4 . 2 .  I n t e r s p e c i e s  D i f f e r e n c e s  i n  Sperm  S u r f a c e  a n d
S e m i n a l  P l a s m a  C o m p o n e n ts  i n  R e l a t i o n  t o  
B a r r i e r s  t o  I n t e r s p e c i e s  F e r t i l i s a t i o n
L e c t i n  s t a i n i n g  o f  c h i c k e n ,  q u a i l ,  t u r k e y ,  p i g e o n  a n d  d u c k  
s p e r m a t o z o a  r e v e a l e d  s e v e r a l  i n t e r s p e c i e s  d i f f e r e n c e s  i n
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s p e r m  s u r f a c e  d i s t r i b u t i o n  o f  c a r b o h y d r a t e  r e s i d u e s  ( s e e  
3. 1 . 2 .  ) ,  a s  h a s  b e e n  o b s e r v e d  f o r  m am m al ian  s p e r m a t o z o a  
( N i c o l s o n  e t  a l . . 1977; R u s s e l l  e t  a l . . 1983;  Young e t
a l . 1 9 8 6 ) .  I n  a l l  s p e c i e s  s t u d i e d ,  WGA was t h e  m a j o r  
s p e r m - b i n d i n g  l e c t i n ,  p a r t i c u l a r l y  s o  f o r  c h i c k e n  
s p e r m a t o z o a ,  i n d i c a t i n g  a  p r e d o m i n a n c e  o f
N - a c e t y l g l u c o s a m i n e - t y p e  r e s i d u e s  (Young e t  a l . . 1 9 8 6 ) .
S i a l i c  a c i d s  a r e  p r o b a b l y  a  m a j o r  c o m p o n e n t  ( s e e  3. 4. 3. 1. 
f o r  c h i c k e n  s p e r m a t o z o a ) ,  g i v e n  t h e  v a r i a b l e  p a t c h y  
s t a i n i n g  w i t h  t h e  N1, N11, N11' - t r i a c e t y l c h i t o t r i o s e -
s p e c i f i c  l e c t i n  f r o m  S o la n u m  t u b e r o s u m , o f  c h i c k e n ,  
t u r k e y ,  d u c k  a n d  p i g e o n  s p e r m a t o z o a .  The c a r b o h y d r a t e  
c h a r a c t e r  o f  t h e  q u a i l  s p e r m  s u r f a c e  a p p e a r s  t o  d i f f e r  
g e n e r a l l y  f r o m  t h e  o t h e r  s p e c i e s  s t u d i e d .  Q u a i l
s p e r m a t o z o a  l a c k  N1, N11, N11' - t r i a c e t y l c h i t o t r i o s e  on
t h e i r  s u r f a c e ,  b u t  e x p r e s s  c< . -D -m annosy l  a n d / o r  
o L - D - g l u c o s y l - t y p e  r e s i d u e s  o v e r  t h e i r  e n t i r e  s u r f a c e ,  
w h e r e a s  on  t h e  o t h e r  s p e c i e s  s t u d i e d  s u c h  r e s i d u e s  a p p e a r  
r e s t r i c t e d  t o  t h e  h e a d  a n d  m i d p i e c e  r e g i o n s .  Q u a i l  
s p e r m a t o z o a  a l s o  e x h i b i t o 6 - L - f u c o s y l  r e s i d u e s
n o n - u n i f o r m l y  d i s t r i b u t e d  o v e r  t h e i r  e n t i r e  s u r f a c e .  
T h e s e  r e s i d u e s  a r e  a b s e n t  f r o m  t h e  o t h e r  s p e c i e s  s t u d i e d .
I n t e r s p e c i e s  s p e r m  s u r f a c e  d i f f e r e n c e s  w e r e  f u r t h e r  
h i g h l i g h t e d  b y  v a r i a b l e  r e a c t i v i t y  w i t h  a n t i s e r u m  r a i s e d  
a g a i n s t  c h i c k e n  e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s  ( s e e  
3. 7. 1. ). S p e r m a t o z o a  f r o m  a l l  s p e c i e s  s t u d i e d  r e a c t e d  
w i t h  t h e  a n t i s e r u m ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  e p i t o p e s  
s i m i l a r  t o  t h o s e  o n  h o m o lo g o u s  s p e r m a t o z o a .  H om ologous
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s p e r m a t o z o a ,  a s  w o u l d  b e  e x p e c t e d ,  w e r e  g e n e r a l l y  m ore  
i n t e n s e l y  s t a i n e d  t h a n  t h e i r  h e t e r o l o g o u s  c o u n t e r p a r t s .  
E s p o n d a  a n d  B e d f o r d  (1 9 8 5 )  r e p o r t e d  a  l a c k  o f  s t a i n i n g  o f  
d u c k  a n d  p i g e o n  s p e r m a t o z o a  r e c o v e r e d  f r o m  t h e  d u c t u s  
d e f e r e n s ,  w i t h  a n  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n
e p i d i d y m a l  a n d  d u c t u s  d e f e r e n s  s e m i n a l  p l a s m a .  I n  a  l a t e r  
s t u d y ,  M o r r i s  e t  a l . ( 1 9 8 7 )  o b s e r v e d  s t a i n i n g  o f  t u r k e y  
a n d  q u a i l  s p e r m a t o z o a  t o  a n  e x t e n t  s i m i l a r  t o  t h a t  
o b s e r v e d  o n  h o m o lo g o u s  s p e r m a t o z o a ,  u s i n g  t h e  sam e 
a n t i s e r u m .  D i f f e r e n c e s  i n  h e t e r o l o g o u s  s p e r m  s t a i n i n g  
b e t w e e n  t h i s  s t u d y  a n d  t h o s e  o f  E s p o n d a  a n d  B e d f o r d  ( 1 9 8 5 )  
a n d  M o r r i s  e t  a l . ( 1 9 8 7 )  may h a v e  b e e n  d u e  t o  d i f f e r e n c e s  
i n  t h e  s o u r c e  o f  s e m i n a l  p r o t e i n s  u s e d  f o r  a n t i s e r u m  
p r o d u c t i o n .
The e l e c t r o p h o r e t i c  p r o f i l e s  o f  s e m i n a l  p l a s m a s  f r o m  
d i f f e r e n t  a v i a n  s p e c i e s  a r e  c l e a r l y  s p e c i e s  s p e c i f i c ,  w i t h  
f e w  p r o t e i n  b a n d s  p r e s e n t  a t  c o i n c i d e n t a l  m o l e c u l a r  
w e i g h t s  i n  a l l  s p e c i e s  s t u d i e d  ( s e e  3. 7. 3. 1. ). Some 
p r o t e i n s  i n  h e t e r o l o g o u s  m am m al ian  e p i d i d y m a l  f l u i d s  
e x h i b i t  s i m i l a r  a m in o  a c i d  s e q u e n c e s  a n d  h a v e  b e e n  show n  
t o  s h a r e  m o l e c u l a r  w e i g h t s  a n d  a n t i g e n i c  d e t e r m i n a n t s  
( R a n k i n  e t  a l . , 1 9 9 2 a ) .  F u r t h e r m o r e ,  some s u c h  p r o t e i n s
h a v e  b e e n  sh o w n  t o  a s s o c i a t e  w i t h  t h e  s p e r m  s u r f a c e  a n d  
a r e  b e l i e v e d  t o  h a v e  s i m i l a r  f u n c t i o n s  i n  d i f f e r e n t  
s p e c i e s .  F o r  e x a m p l e ,  a n  18 kd  m ouse  e p i d i d y m a l  p r o t e i n  
(MEP 10; R a n k i n  e t  a l . , 1 9 9 2 a )  i s  b e l i e v e d  t o  b e  t h e
h o m o l o g u e  o f  p r o t e i n s  B a n d  C, tw o  r e t i n o i c  a c i d - b i n d i n g  
p r o t e i n s  p r e s e n t  i n  r a t  c a u d a  e p i d i d y m a l  f l u i d  ( s e e  R a n k i n
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e t  a l . . 1 9 9 2 b ) .  However ,  i n  t h i s  s t u d y ,  s e m i n a l  p l a s m a
p r o t e i n s  w i t h  c o i n c i d e n t a l  m o l e c u l a r  w e i g h t s  i n  a l l  
s p e c i e s  w e r e  s t a i n e d  a t  v a r y i n g  i n t e n s i t i e s  a n d  g e n e r a l l y  
e x h i b i t e d  v a r i a b l e  a n t i g e n i c i t y  b e t w e e n  s p e c i e s ,
s u g g e s t i n g  t h e  u n l i k e l i h o o d  o f  common f u n c t i o n .
E x c e p t i o n s  w e r e  t h e  s t r o n g l y  s t a i n e d  p r o t e i n  b a n d s  a t  66 
a n d  7 5 - 8 0  kd  i n  c h i c k e n ,  t u r k e y ,  d u c k  a n d  q u a i l  p r o f i l e s ,  
w h i c h  g e n e r a l l y  a p p e a r e d  s i m i l a r  a n d  may h a v e  s i m i l a r  
f u n c t i o n s .  R e s u l t s  f r o m  t h i s  s t u d y  ( s e e  3. 1. 4. 1. ) a n d  
t h a t  o f  M o r r i s  e t  a l . ( 1 9 8 7 )  i n d i c a t e  t h a t  n e i t h e r  o f  
t h e s e  p r o t e i n s  a s s o c i a t e s  w i t h  t h e  s p e r m  s u r f a c e ,  a n d  a r e  
s u g g e s t i n g  s p e r m - s u p p o r t i v e  r o l e s ,  e. a . a s  c a r r i e r  
m o l e c u l e s ,  s i m i l a r  t o  some a l b u m i n - l i k e  p r o t e i n s  i n  human 
s e m i n a l  p l a s m a  ( O r l a n d o  e t  a l . . 1 9 8 8 ) .  The i n t e n s i t y  o f
i m m u n o l o g i c a l  s t a i n i n g  o f  p i g e o n  s e m i n a l  p l a s m a  p r o t e i n s  
d i d  n o t  r e f l e c t  t h e  i n t e n s e  s p e r m  s u r f a c e  s t a i n i n g  
o b s e r v e d .  T h i s  c o u l d  h a v e  b e e n  d u e  t o  p o o r  t r a n s f e r  o f  
some p o l y p e p t i d e s  f r o m  t h e  g e l  t o  t h e  I m m o b i l o n  m em brane ,  
f a i l u r e  o f  p o l y p e p t i d e s  t o  b i n d  t o  I m m o b i l o n ,  o r  
d e n a t u r a t i o n  o f  p o l y p e p t i d e s  b y  SDS, a l t e r i n g  t h e i r
a n t i g e n i c i t y  (Cumming & B u r g o y n e ,  1 9 8 5 ) .  T h e r e  i s  a l s o  
t h e  p o s s i b i l i t y  t h a t  p r o t e i n s  a d o p t  d i f f e r e n t  
c o n f o r m a t i o n s  i n  s e m i n a l  p l a s m a  a n d  o n  t h e  s p e r m  s u r f a c e .  
S u c h  r e s u l t s  e m p h a s i s e  t h e  l a c k  o f  r e l i a b i l i t y  i n  
c o r r e l a t i n g  a n t i g e n i c  d a t a  o b t a i n e d  f r o m  W e s t e r n  b l o t s  
f o l l o w i n g  SDS-PAGE, w i t h  p r o t e i n s  i n - s i t u  o n  t h e  s p e r m  
s u r f a c e ,  o r  i n  t h e i r  n a t i v e  s t a t e .
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O 'R a n d  ( 1 9 8 8 )  h a s  p o s t u l a t e d  t h a t  f o r  mammals,  s p e c i e s  
s p e c i f i c i t y  a t  t h e  l e v e l  o f  s p e r m - e g g  i n t e r a c t i o n  may b e
d e p e n d e n t on  r e l a t e d n e s s o f  s p e c i e s .
Of t h e G a l l i f o r m e s , t u r k e y s ( f a m i l y p h a s i a n i d a e ,
s u b - f a m i l y m e l e a g r i n a e ) a r e  more d i s t a n t l y r e l a t e d  t o
c h i c k e n s t h a n  a r e  q u a i l  ( b o t h f a m i l y p h a s i a n i d a e ,
s u b - f a m i l y p h a s i a i n a e ) ( P y c r a f t , 1 9 3 1 ) . How ever ,
i n - v i t r o . c h i c k e n  s p e r m a t o z o a  a p p e a r  t o  i n t e r a c t  w i t h  
t u r k e y  m ore  r e a d i l y  t h a n  w i t h  q u a i l  i n n e r  p e r i v i t e l l i n e  
l a y e r  c o m p o n e n t s  ( s e e  T a b l e  1 9 ) ,  s u g g e s t i n g  t h a t  
s p e c i e s - s p e c i f i c i t y  a t  t h e  l e v e l  o f  s p e r m - e g g  i n t e r a c t i o n  
may n o t  b e  d i r e c t l y  r e l a t e d  t o  s p e c i e s  d i v e r g e n c e  w i t h i n  
t h e  o r d e r  G a l l i f o r m e s .  F u r t h e r m o r e ,  t h e  t u r k e y  s p e r m  
s u r f a c e  a p p e a r s  t o  s h a r e  m ore  a n t i g e n i c  g r o u p s  w i t h  t h a t  
o f  t h e  c h i c k e n  ( a s  do  t h o s e  o f  d u c k  a n d  p i g e o n ,  w h i c h  
b e l o n g  t o  d i f f e r e n t  t a x o n o m i c  o r d e r s ) ,  t h a n  d o e s  t h e  
q u a i l ,  a n d  t u r k e y  s e m i n a l  p l a s m a  p r o t e i n s  a r e  r e c o g n i s e d  
i m m u n o l o g i c a l l y  b y  a n t i s e r u m  r a i s e d  a g a i n s t  c h i c k e n  
e j a c u l a t e d  s e m i n a l  p l a s m a  p r o t e i n s  t o  a  g r e a t e r  d e g r e e  
t h a n  a r e  t h o s e  f r o m  q u a i l .  S u c h  f i n d i n g s  m i g h t  s u g g e s t  
t h a t  s p e r m a t o z o a  f r o m  t h e  more  d i s t a n t l y  r e l a t e d  d u c k  
( A n s e r i f o r m e s ) a n d  p i g e o n  ( C o l u m b i f o r m e s ) s p e c i e s  a r e  
l i k e l y  t o  o u t p e r f o r m  q u a i l  s p e r m a t o z o a  i n  t h e  c h i c k e n  
v a g i n a .  However ,  i t  w o u l d  a p p e a r  t h a t  d i f f e r e n c e s  i n  
s u r f a c e  c h a r a c t e r i s t i c s  b e t w e e n  t u r k e y  a n d  c h i c k e n  
s p e r m a t o z o a  a r e  s u f f i c i e n t  t o  a l l o w  o v i d u c a l  s e l e c t i o n  f o r  
h o m o l o g o u s  s p e r m a t o z o a  ( s e e  3. 5. 3. 3. ). Thus  t h e
h y p o t h e s i s  t h a t  d u c k  o r  p i g e o n  s p e r m a t o z o a  w o u l d
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o u t p e r f o r m  q u a i l  s p e r m a t o z o a  i n  t h e  c h i c k e n  v a g i n a  w o u l d  
h e  d i f f i c u l t  t o  t e s t ,  a n d  w o u l d  b e  com p o u n d ed  b y  t h e  r a p i d  
l o s s  o f  q u a i l  s p e r m  m o t i l i t y  i n - v i t r o  f o l l o w i n g  c o l l e c t i o n  
( O g a s a w a r a  & Huang, 1 9 6 3 ) .
P a s s a g e  o f  s p e r m a t o z o a  t h r o u g h  t h e  f e m a l e  r e p r o d u c t i v e  
t r a c t  i s  b e l i e v e d  t o  p l a y  a n  i m p o r t a n t  r o l e  i n  t h e  
s p e c i f i c i t i e s  o f  i n t e r s p e c i e s  f e r t i l i s a t i o n  i n  mammals 
( s e e  O 'R a n d ,  1 9 8 8 ) .  I n  e x p e r i m e n t s  w i t h  d o m e s t i c  b i r d s ,  
O g a s a w a r a  a n d  Huang (1 9 6 3 )  r e p o r t e d  a f e r t i l i s a t i o n  r a t e  
o f  13% i n  e g g s  o b t a i n e d  f r o m  q u a i l  h e n s  o v e r  a  12 d a y  
p e r i o d  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n  w i t h  j u n g l e  
f o w l  sem en .  H ow ever ,  i n t r a u t e r i n e  i n s e m i n a t i o n  r e s u l t e d  
i n  a  f e r t i l i s a t i o n  r a t e  o f  37% o v e r  t h e  sam e p e r i o d ,  t h u s  
s u p p o r t i n g  t h e  f i n d i n g  i n  t h i s  s t u d y  t h a t  t h e  v a g i n a  i s  
p r i m a r i l y  r e s p o n s i b l e  f o r  i n t e r s p e c i e s  s p e r m  s e l e c t i o n .  
M c F a r q u h a r  a n d  L a k e  (1 9 6 4 )  s u g g e s t e d  t h a t  r e l a t i v e l y  l a r g e  
v o l u m e s  o f  c h i c k e n  s em e n  u s e d  i n  s u c h  c r o s s - i n s e m i n a t i o n s  
may r e s u l t  i n  o v e r s p i l l  o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  
s p e r m a t o z o a  i n t o  t h e  p o s t e r i o r  u t e r o v a g i n a l  j u n c t i o n .  
S u c h  s p e r m a t o z o a  w o u l d  a v o i d  v a g i n a l  s p e r m  s e l e c t i o n  a n d  
p r o b a b l y  i n c r e a s e  t h e  f e r t i l i s a t i o n  r a t e ,  t h u s  p r o v i d i n g  
a n  e x p l a n a t i o n  f o r  t h e  a p p a r e n t l y  h i g h  f e r t i l i s a t i o n  r a t e  
f r o m  i n t r a v a g i n a l  i n s e m i n a t i o n .  F u r t h e r m o r e  i n  t h i s  
s t u d y ,  s m a l l  n u m b e r s  o f  t u r k e y  s p e r m a t o z o a  w e r e  o b s e r v e d  
i n  c h i c k e n  u t e r o v a g i n a l  j u n c t i o n  SSTs f o l l o w i n g
i n t r a v a g i n a l  i n s e m i n a t i o n  ( s e e  3. 5. 3. 3 . ) .  C o n s i d e r a b l y  
g r e a t e r  n u m b e r s  o f  s p e r m a t o z o a  ( 1 0 0 - 2 5 0  X 106) w e r e
i n s e m i n a t e d  i n t r a v a g i n a l l y  i n  t h e  e x p e r i m e n t s  o f  O g a s a w a r a
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a n d  Huang ( 1 9 6 3 ) ,  p o t e n t i a l l y  l e a d i n g  t o  g r e a t e r  n u m b e r s  
o f  i n t r a v a g i n a l l y  i n s e m i n a t e d  s p e r m a t o z o a  s u r v i v i n g  t h e  
v a g i n a l  s p e r m  s e l e c t i o n  m ech an ism .
I t  s ee m s  l i k e l y  t h a t  i n c o m p l e t e  s p e c i e s  s p e c i f i c i t y  o c c u r s  
a t  t h e  l e v e l  o f  s p e r m - e g g  i n t e r a c t i o n  i n  d o m e s t i c  b i r d s .  
F u r t h e r m o r e ,  t h e  e x t e n t  o f  ovum i n t e r a c t i o n  w i t h  
h e t e r o l o g o u s  s p e r m a t o z o a  may n o t  b e  d e p e n d e n t  on  t h e  
d e g r e e  o f  r e l a t e d n e s s  f o r  s p e c i e s  w i t h i n  a n  o r d e r ,  s u c h  a s  
t h e  G a l l i f o r m e s .  However ,  r e s u l t s  o b t a i n e d  f r o m  t h e  
i n t e r a c t i o n  o f  d u c k  ( A n s e r i f o r m e s ) s p e r m a t o z o a  w i t h  i n n e r  
p e r i v i t e l l i n e  l a y e r  f r o m  G a l l i f o r m e  e g g s  ( s e e  T a b l e  18) 
s u g g e s t  a n  o r d e r - d e p e n d e n t  s p e c i f i c i t y  a t  t h e  l e v e l  o f  
s p e r m - e g g  i n t e r a c t i o n .
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SUMMARY
D u r i n g  t h e i r  t r a n s p o r t  t h r o u g h  t h e  e x c u r r e n t  d u c t  s y s t e m ,  
c h i c k e n  s p e r m a t o z o a  a p p e a r  t o  u n d e r g o  a  p o s t - t e s t i c u l a r  
m a t u r a t i o n  p r o c e s s  s i m i l a r  t o  t h a t  o b s e r v e d  i n  mammals,  
i n v o l v i n g  t h e  a s s o c i a t i o n  o f  s e c r e t e d  e p i d i d y m a l  p r o t e i n s  
a n d  g l y c o p r o t e i n s  w i t h  t h e  s p e r m  s u r f a c e .
SDS-PAGE o f  a n t e r i o r  a n d  p o s t e r i o r  d u c t u s  d e f e r e n s  s e m i n a l  
p l a s m a  a n d  s p e r m  s u r f a c e  w a s h i n g s  o b t a i n e d  f r o m  h y p e r t o n i c  
b u f f e r  (1 .0M  N a C l ) t r e a t m e n t  o f  s p e r m a t o z o a  f r o m  t h e  
a n t e r i o r  a n d  p o s t e r i o r  d u c t u s  d e f e r e n s ,  h a s  i n d i c a t e d  t h a t  
p r o t e i n  a s s o c i a t i o n  w i t h  t h e  s p e r m  s u r f a c e  i s  c o m p l e t e  a t  
t h e  a n t e r i o r  d u c t u s  d e f e r e n s ,  a l t h o u g h  s e c r e t i o n  o f  some 
s e m i n a l  p l a s m a  p r o t e i n s  c o n t i n u e s  t h r o u g h o u t  t h e  d u c t u s  
d e f e r e n s .  F u r t h e r m o r e ,  e v i d e n c e  h a s  b e e n  o b t a i n e d  f o r  t h e  
g l y c o s y l a t i o n ,  d e g l y c o s y l a t i o n  a n d  a n t i g e n i c  c h a n g e  o f  
s p e r m  s u r f a c e - a s s o c i a t e d  a n d  s e m i n a l  p l a s m a  p r o t e i n s  i n  
t h e  d u c t u s  d e f e r e n s  a n d  a m p u l l a .  S e l e c t i v e  l o s s  o f  
p r o t e i n s  f r o m  t h e  s p e r m  s u r f a c e  i s  a l s o  e v i d e n t  i n  t h e  
d u c t u s  d e f e r e n s .
A n u m b e r  o f  p r o t e i n s  w e r e  r e m o v e d  f r o m  t h e  e j a c u l a t e d  
s p e r m  s u r f a c e  b y  e x p o s u r e  t o  h y p e r t o n i c  b u f f e r s  
( c o n t a i n i n g  0. 2 0 - 0 .  40M N a C l ) .  The m o l e c u l a r  w e i g h t s  o f  
e x t r a c t e d  p r o t e i n s  a f t e r  SDS-PAGE c o i n c i d e d  w i t h  some o f  
t h o s e  o f  s e m i n a l  p l a s m a  p r o t e i n s ,  b u t  t h e i r  r e l a t i v e
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s t a i n i n g  i n t e n s i t i e s  i n  e l e c t r o p h o r e t i c  p r o f i l e s  d i f f e r e d  
f r o m  t h o s e  o f  t h e i r  c o u n t e r p a r t s  i n  s e m i n a l  p l a s m a ,  a n d  
some s e m i n a l  p l a s m a  p r o t e i n s  w e r e  a b s e n t  f r o m  e x t r a c t e d  
p r o t e i n  e l e c t r o p h o r e t i c  p r o f i l e s ,  i n d i c a t i n g  s e l e c t i v e  
p r o t e i n  u p t a k e  f r o m  s e m i n a l  p l a s m a  b y  s p e r m a t o z o a .  
H ow ever ,  i n d i v i d u a l  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  
e x h i b i t e d  a  r a n g e  o f  a f f i n i t i e s  f o r  t h e  s p e r m  s u r f a c e ,  
s u g g e s t i n g  t h a t  p r o t e i n  a s s o c i a t i o n  w i t h  t h e  s p e r m  s u r f a c e  
may n o t  b e  s p e c i f i c .  Some s p e r m  s u r f a c e - a s s o c i a t e d  
p r o t e i n s  w e r e  r e m o v e d  i n  a n  NaCl c o n c e n t r a t i o n - d e p e n d e n t  
m a n n e r .  S p e rm  a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs 
a n d  n e w l y  o v u l a t e d  e g g  i n - v i v o  w e r e  a l s o  r e d u c e d  i n  a n  
NaCl c o n c e n t r a t i o n - d e p e n d e n t  m a n n e r ,  b u t ,  a t  NaCl 
c o n c e n t r a t i o n s  o f  b e t w e e n  0. 15 a n d  0. 25M, w i t h o u t  a n y  
s i g n i f i c a n t  l o s s  o f  s p e r m  i n t e g r i t y  i n - v i t r o . S p e r m a t o z o a  
t r e a t e d  w i t h  40 I .  U. /m l  n e u r a m i n i d a s e  a l s o  e x h i b i t e d  
r e d u c e d  a c c e s s  t o  t h e  u t e r o v a g i n a l  j u n c t i o n  SSTs i n - v i v o  
w i t h o u t  s i g n i f i c a n t  l o s s  o f  s p e r m  i n t e g r i t y  i n - v i t r o . 
F u r t h e r m o r e ,  s i m p l y  c e n t r i f u g i n g  o r  w a s h i n g  s p e r m a t o z o a  
r e s u l t e d  i n  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  a b i l i t y  o f  
s p e r m a t o z o a  t o  g a i n  a c c e s s  t o  t h e  n e w l y  o v u l a t e d  e g g  
i n - v i v o . w i t h o u t  a d v e r s e l y  a f f e c t i n g  s p e r m  i n t e g r i t y  
i n - v i t r o . T h e s e  r e s u l t s  c l e a r l y  i n d i c a t e  a  r o l e  f o r  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  a n d  s p e r m  s u r f a c e  s i a l i c  a c i d  
i n  v a g i n a l  s p e r m  t r a n s p o r t .
E x p o s u r e  o f  e j a c u l a t e d  s p e r m a t o z o a  t o  g l y c e r o l  a t  room 
t e m p e r a t u r e  i n  c o n c e n t r a t i o n s  l o w e r  t h a n  u s e d  a s  a
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c r y o p r o t e c t a n t  r e s u l t e d  i n  a  g l y c e r o l  c o n c e n t r a t i o n -  
r e l a t e d  r e d u c t i o n  i n  s p e r m  m o t i l i t y .  T h i s  was  a c c o m p a n i e d  
b y  r e m o v a l  o f  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s ,  i n  some 
c a s e s  a l s o  i n  a  g l y c e r o l  c o n c e n t r a t i o n - r e l a t e d  m a n n e r ,  
a l t h o u g h  g l y c e r o l  a p p e a r e d  t o  p r e v e n t  t h e  r e m o v a l  o f  some 
s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s .  G i v e n  t h e  i m p o r t a n c e  
o f  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  a n d  s p e r m  m o t i l i t y  i n  
v a g i n a l  s p e r m  t r a n s p o r t ,  i t  i s  p o s s i b l e  t h a t  t h e  
g l y c e r o l - i n d u c e d  e f f e c t s  o b s e r v e d  i n  t h i s  s t u d y  may b e  
i n v o l v e d  i n  t h e  c o n t r a c e p t i v e  e f f e c t  o f  g l y c e r o l  i n  t h e  
c h i c k e n  v a g i n a  i n - v i v o .
I n c u b a t i o n  o f  s p e r m a t o z o a  f r o m  s e v e r a l  m am m a l ia n  a n d  a v i a n  
s p e c i e s  w i t h  q u a i l  u t e r o v a g i n a l  j u n c t i o n  SSTs i n - v i t r o  h a s  
i n d i c a t e d  t h a t ,  c o n t r a r y  t o  p r e v i o u s  r e p o r t s ,  t h e  
u t e r o v a g i n a l  j u n c t i o n  SSTs a r e  n o t  s e l e c t i v e  w i t h  r e g a r d  
t o  t h e  s p e r m a t o z o a  t h a t  e n t e r  th em .  T u r k e y  s p e r m a t o z o a ,  
w h i c h  p r e s e n t  a  s u r f a c e  a n t i g e n i c a l l y  d i f f e r e n t  t o  c h i c k e n  
s p e r m a t o z o a ,  b u t  e x h i b i t  s i m i l a r  m o r p h o l o g y  a n d  m o t i l i t y  
t o  c h i c k e n  s p e r m a t o z o a ,  p o p u l a t e d  c h i c k e n  u t e r o v a g i n a l  
j u n c t i o n  SSTs a f t e r  u t e r o v a g i n a l  j u n c t i o n  i n s e m i n a t i o n  b u t  
n o t  a f t e r  i n t r a v a g i n a l  i n s e m i n a t i o n ,  t h u s  i d e n t i f y i n g  t h e  
v a g i n a  a s  a  m a j o r  s i t e  o f  o v i d u c a l  s p e r m  s e l e c t i o n .
A h i g h  p e r c e n t a g e  o f  c h i c k e n  s p e r m a t o z o a  r e c o v e r e d  f r o m  
t h e  c h i c k e n  v a g i n a  b y  l a v a g e  20 m i n u t e s  a f t e r  i n t r a v a g i n a l  
i n s e m i n a t i o n  w e r e  f o u n d  t o  h a v e  i m m u n o g l o b u l i n  ( IgG  a n d / o r  
Ig A )  b o u n d  t o  t h e i r  s u r f a c e ,  w i t h  a  s l i g h t l y  l o w e r
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p e r c e n t a g e  s t a i n i n g  d e a d ,  a n d  b o t h  p e r c e n t a g e s  i n c r e a s i n g  
w i t h  t i m e  f o l l o w i n g  i n s e m i n a t i o n .  S i m i l a r  r e s u l t s  w e r e  
o b t a i n e d  a f t e r  i n s e m i n a t i o n  o f  t u r k e y  s p e r m a t o z o a  i n t o  
c h i c k e n  h e n s ,  b u t  t h e  p e r c e n t a g e s  o f  r e c o v e r e d  s p e r m a t o z o a  
d i s p l a y i n g  i m m u n o g l o b u l i n  o n  t h e i r  s u r f a c e  a n d  s t a i n i n g  
d e a d  i n c r e a s e d  t o  m a x im a  o v e r  a  s h o r t e r  t i m e  p e r i o d  t h a n  
t h a t  o b s e r v e d  f o r  h o m o l o g o u s  s p e r m a t o z o a .  T h e  u s e  o f  
p r o p i d i u m  i o d i d e  a s  a  v i t a l  s t a i n  i n  c o n j u n c t i o n  w i t h  
F I T C - c o n j u g a t e d  a n t i c h i c k e n  I g G  s h o w e d  a  c l e a r  a s s o c i a t i o n  
b e t w e e n  i m m u n o g l o b u l i n  b i n d i n g  t o  t h e  c h i c k e n  s p e r m  
s u r f a c e  a n d  c e l l  d e a t h .  H o w e v e r ,  c h i c k e n  s p e r m a t o z o a  
r e c o v e r e d  f r o m  t h e  a n t e r i o r  r e g i o n s  o f  t h e  c h i c k e n  o v i d u c t  
f o l l o w i n g  m u l t i p l e  i n t r a v a g i n a l  i n s e m i n a t i o n s  d i d  n o t  
d i s p l a y  i m m u n o g l o b u l i n  o n  t h e i r  s u r f a c e .
F u r t h e r m o r e ,  i n c u b a t i o n  o f  s p e r m a t o z o a  w i t h  v a g i n a l  m u c o s a  
i n - v i t r o  r e s u l t e d  i n  i m m u n o g l o b u l i n  b i n d i n g  a n d  l o s s  o f  
v i a b l e  s p e r m a t o z o a  w i t h o u t  a n y  a p p a r e n t  a d v e r s e  e f f e c t  o n  
t h e  a b i l i t y  o f  s p e r m a t o z o a  t o  r e a c h  t h e  s i t e  o f  
f e r t i l i s a t i o n  f o l l o w i n g  i n t r a v a g i n a l  i n s e m i n a t i o n ,  w h e n  
c o m p a r e d  w i t h  u n t r e a t e d  c o n t r o l  s p e r m a t o z o a .  T h i s  
s u g g e s t s  t h a t  s p e r m a t o z o a  w h i c h  r e m a i n e d  v i a b l e  f o l l o w i n g  
i n - v i t r o  i n c u b a t i o n  w e r e  t h e  s a m e  a s  t h o s e  s e l e c t e d  
i n - v i v o ,  a n d  t h u s  t h a t  a  t r u e  s p e r m  s e l e c t i o n  o c c u r s  i n  
t h e  v a g i n a  o f  t h e  c h i c k e n  h e n ,  w i t h  a n  i m m u n o l o g i c a l  
b a s i s .
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S p e r m a t o z o a  i n  v a g i n a l  w a s h i n g s  o b t a i n e d  f r o m  p r e v i o u s l y  
v i r g i n  h e n s  a n d  h e n s  w h i c h  h a d  b e e n  i n s e m i n a t e d  a  n u m b e r  
o f  t i m e s  o v e r  p r e c e d i n g  m o n t h s  s h o w e d  s i m i l a r  s t a i n i n g  
a f t e r  e x p o s u r e  t o  F I T C - c o n j u g a t e d  a n t i c h i c k e n  I g G ,  
s u g g e s t i n g  t h a t  o v i d u c a l  s p e r m  s e l e c t i o n  m a y  n o t  o c c u r  a s  
a  r e s u l t  o f  a  h u m o r a l  im m u n e  r e s p o n s e  t o  s p e r m a t o z o a .  
S p e r m a t o z o a  i n s e m i n a t e d  i n t r a u t e r i n e l y  d i d  n o t  g e n e r a l l y  
b i n d  i m m u n o g l o b u l i n  i n  t h e  u t e r o v a g i n a l  j u n c t i o n  o r  
i n f u n d i b u l u m ,  s u g g e s t i n g  t h a t  t h e  a n t e r i o r  o v i d u c t  m a y  n o t  
b e  i n v o l v e d  i n  s p e r m  s e l e c t i o n .
E x p o s u r e  o f  c h i c k e n  s p e r m a t o z o a  t o  o v a r i a n  p o c k e t  f l u i d  
i n - v i t r o  r e s u l t e d  i n  a n t i g e n i c  m o d i f i c a t i o n  o f  t h e  s p e r m  
s u r f a c e  a n d  a  d r a m a t i c  r e d u c t i o n  i n  s p e r m  m o t i l i t y .  I t  
h a s  r e c e n t l y  b e e n  p o s t u l a t e d  t h a t  o v a r i a n  p o c k e t  f l u i d  m ay  
b e  t h e  m i l i e u  i n  w h i c h  f e r t i l i s a t i o n  t a k e s  p l a c e .  I f  t h i s  
i s  t h e  c a s e ,  t h e n  c h i c k e n  s p e r m a t o z o a  m a y  n a t u r a l l y  
u n d e r g o  o v i d u c t - i n d u c e d  c h a n g e s  p r i o r  t o  f e r t i l i s a t i o n .
Q u a n t i t a t i o n  o f  a c r o s o m e  r e a c t i o n s  o n  t h e  W G A - s t a i n e d  
i n n e r  a n d  w h o l e  p e r i v i t e l l i n e  l a y e r  f o l l o w i n g  i n c u b a t i o n  
w i t h  c h i c k e n  s p e r m a t o z o a  i n - v i t r o  h a s  i n d i c a t e d  t h a t  
s p e r m - e g g  i n t e r a c t i o n  i n  d o m e s t i c  b i r d s  i s  p r o b a b l y  a  
s p e c i f i c  r e c e p t o r - m e d i a t e d  p r o c e s s  s i m i l a r  t o  t h a t  
o b s e r v e d  i n  m a m m a ls .  F u r t h e r m o r e ,  s p e r m - b i n d i n g  p r o t e i n s  
w e r e  f o u n d  t o  b e  p r e s e n t  a n d  f u n c t i o n a l l y  m a t u r e  i n  e a r l y  
f o l l i c u l a r  e g g s ,  b u t  n o  e v i d e n c e  w a s  o b t a i n e d  f o r
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p r e f e r e n t i a l  a t t a c h m e n t  a t  t h e  a n i m a l  p o l e  o f  t h e  e g g ,  a s  
p r e v i o u s l y  p o s t u l a t e d .
S p e r m a t o z o a  w e r e  o b s e r v e d  t o  i n t e r a c t  w i t h  h e t e r o l o g o u s  
i n n e r  p e r i v i t e l l i n e  l a y e r ,  b u t  t o  a  l e s s e r  e x t e n t  t h a n  
w i t h  h o m o l o g o u s  i n n e r  p e r i v i t e l l i n e  l a y e r ,  i n d i c a t i n g  
l i m i t e d  s p e c i e s - s p e c i f i c i t y .  S p e r m a t o z o a  f r o m  t h e  d u c k ,  
w h i c h  b e l o n g s  t o  a  d i f f e r e n t  a v i a n  o r d e r  ( A n s e r i f o r m e s ) t o  
c h i c k e n ,  t u r k e y  a n d  g u i n e a  f o w l  ( G a l l i f o r m e s ) ,  e x h i b i t e d  
o n l y  v e r y  l i m i t e d  i n t e r a c t i o n  w i t h  c h i c k e n  a n d  g u i n e a  f o w l  
i n n e r  p e r i v i t e l l i n e  l a y e r ,  s u g g e s t i n g  a  l a c k  o f  
r e c o g n i t i o n  o f  s p e r m - b i n d i n g  p r o t e i n s ,  r e l a t e d  t o  s p e c i e s  
d i v e r g e n c e .  H o w e v e r ,  c h i c k e n  s p e r m a t o z o a  i n t e r a c t e d  m o r e  
r e a d i l y  w i t h  t u r k e y  t h a n  q u a i l  p e r i v i t e l l i n e  l a y e r  
p r o t e i n s ,  s u g g e s t i n g ,  s i n c e  t h e  q u a i l  i s  a  m o r e  c l o s e l y  
r e l a t e d  s p e c i e s  t o  t h e  c h i c k e n  t h a n  i s  t h e  t u r k e y ,  t h a t  
t h e  r e l a t i o n s h i p  b e t w e e n  e x t e n t  o f  s p e r m - e g g  i n t e r a c t i o n  
a n d  r e l a t e d n e s s  o f  s p e c i e s  m ay  n o t  b e  a s  c l e a r  w i t h i n  t h e  
o r d e r  G a l l i f o r m e s .
F u r t h e r m o r e ,  a  r a n g e  o f  l e c t i n s  b o u n d  w i t h  s i m i l a r  
a f f i n i t y  t o  c h i c k e n ,  t u r k e y ,  p i g e o n  a n d  d u c k  s p e r m a t o z o a ,  
f r o m  3 d i f f e r e n t  t a x o n o m i c  o r d e r s ,  b u t  e x h i b i t e d  a  
d i f f e r e n t  a f f i n i t y  f o r  s p e r m a t o z o a  f r o m  t h e  q u a i l ,  w h i c h  
i s  a  s p e c i e s  c l o s e l y  r e l a t e d  t o  t h e  c h i c k e n  a n d  t u r k e y .  
T h e s e  r e s u l t s  i n d i c a t e  a  l a c k  o f  p r o p o r t i o n a l i t y  o f  s p e r m  
s u r f a c e  c h a n g e  w i t h  d i v e r g e n c e  o f  s p e c i e s .  H o w e v e r ,  
s t u d i e s  o f  h e t e r o l o g o u s  s p e r m - i n n e r  p e r i v i t e l l i n e  l a y e r
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i n t e r a c t i o n s  a n d  t r a n s p o r t  o f  t u r k e y  s p e r m a t o z o a  t h r o u g h  
t h e  c h i c k e n  v a g i n a  i n d i c a t e  t h a t  t h e  v a g i n a  i s  l i k e l y  t o  
p r e s e n t  a  m o r e  e f f i c i e n t  b a r r i e r  t o  i n t e r s p e c i e s  
f e r t i l i s a t i o n  t h a n  d o e s  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  o f  
t h e  e g g .
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T h e  w o r k  c a r r i e d  o u t  i n  t h i s  s t u d y  h a s  c o n t r i b u t e d  t o  t h e  
c h a r a c t e r i s a t i o n  o f  p o s t - t e s t i c u l a r  m a t u r a t i o n ,  s p e r m -  
o v i d u c t  i n t e r a c t i o n  a n d  s p e r m - e g g  i n t e r a c t i o n  i n  d o m e s t i c  
b i r d s .  H o w e v e r ,  m a n y  o f  t h e  f u n d a m e n t a l  m e c h a n i s m s  
i n v o l v e d  r e m a i n  u n s o l v e d .
F u r t h e r  w o r k  w i l l  b e  r e q u i r e d  t o  d e t e r m i n e  t h e  e p i d i d y m a l  
s o u r c e s  o f  i n d i v i d u a l  s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s  
a n d  t o  c h a r t  t h e i r  d i s t r i b u t i o n s  o n  t h e  s p e r m  s u r f a c e .  
T h e r e  i s  s o m e  e v i d e n c e  i n  m am m als  f o r  c a p a c i t a t i o n -  
a s s o c i a t e d  m i g r a t i o n  o f  s p e r m  s u r f a c e  a n t i g e n s  b e l i e v e d  t o  
b e  i n v o l v e d  i n  f e r t i l i s a t i o n  ( s e e  J o n e s ,  1 9 9 0 ) .  I t  w o u l d  
b e  i n t e r e s t i n g  t o  d e t e r m i n e  w h e t h e r  a  s i m i l a r  p r o c e s s  
t a k e s  p l a c e  o n  s p e r m a t o z o a  f r o m  d o m e s t i c  b i r d s .  
S u c c e s s f u l  r e a s s o c i a t i o n  o f  e x t r a c t e d  s p e r m  s u r f a c e -  
a s s o c i a t e d  p r o t e i n s  w i t h  t h e  s p e r m  s u r f a c e ,  a c c o m p a n i e d  b y  
r e s t o r a t i o n  o f  s p e r m  a c c e s s  t o  t h e  s i t e  o f  f e r t i l i s a t i o n ,  
c o m p a r a b l e  t o  t h a t  o f  c o n t r o l  s p e r m a t o z o a ,  w o u l d  
d e m o n s t r a t e  b e y o n d  a n y  d o u b t ,  t h e  i m p o r t a n c e  o f  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  i n  v a g i n a l  s p e r m  t r a n s p o r t .
F u r t h e r  w o r k  i s  n e c e s s a r y  t o  d e t e r m i n e  t h e  m e c h a n i s m s  
i n v o l v e d  i n  g l y c e r o l - i n d u c e d  e x t r a c t i o n  a n d  p r o t e c t i o n  o f  
s p e r m  s u r f a c e - a s s o c i a t e d  p r o t e i n s ,  a n d  t h e  g l y c e r o l  
c o n c e n t r a t i o n - r e l a t e d  r e d u c t i o n  i n  s p e r m  m o t i l i t y .
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R e p e t i t i o n  a t  a v i a n  b o d y  t e m p e r a t u r e  o f  t h e  g l y c e r o l  
e x p e r i m e n t  c a r r i e d  o u t  i n  t h i s  s t u d y  m i g h t  p r o v i d e  a  m o r e  
a c c u r a t e  r e p r e s e n t a t i o n  o f  i n - v i v o  g l y c e r o l - i n d u c e d  
e f f e c t s  o n  s p e r m  f u n c t i o n .
F u r t h e r  c h a r a c t e r i s a t i o n  o f  t h e  s p e r m  s e l e c t i o n  m e c h a n i s m  
i n  t h e  v a g i n a  i s  n e c e s s a r y .  T h i s  m i g h t  i n c l u d e  s e a r c h i n g  
f o r  c o m p l e m e n t  c o m p o n e n t s  a n d  i m p l i c a t i n g  t h e m  i n  s p e r m  
d e a t h ,  a n d  d e t e r m i n a t i o n  o f  t h e  s p e c i f i c i t y  o f  s p e r m -  
i m m u n o g l o b u l i n  i n t e r a c t i o n  i n  t h e  v a g i n a .  F u r t h e r m o r e ,  
a l t h o u g h  i t  h a s  b e e n  e s t a b l i s h e d  i n  t h i s  s t u d y  t h a t  t h e  
s p e r m  s u r f a c e  i s  i n v o l v e d  i n  v a g i n a l  s p e r m  t r a n s p o r t ,  i t  
r e m a i n s  t o  b e  d e t e r m i n e d  w h e t h e r  s p e r m  s u r f a c e - a s s o c i a t e d  
p r o t e i n s  a n d  g l y c o p r o t e i n s  h a v e  a  r o l e  i n  s p e r m  s t o r a g e  i n  
t h e  u t e r o v a g i n a l  j u n c t i o n  S S T s .
A t  p r e s e n t ,  r e l a t i v e l y  l i t t l e  i s  k n o w n  a b o u t  s p e r m - e g g  
i n t e r a c t i o n  a t  m o l e c u l a r  l e v e l  i n  d o m e s t i c  b i r d s .  
A l t h o u g h  i t  h a s  b e e n  s h o w n  t h a t  s p e r m - e g g  i n t e r a c t i o n  i s  
p r o b a b l y  a  s p e c i f i c ,  r e c e p t o r  m e d i a t e d  p r o c e s s ,  t h e  
i d e n t i f i c a t i o n  a n d  c h a r a c t e r i s a t i o n  o f  s p e r m - b i n d i n g  
p r o t e i n s  o n  t h e  i n n e r  p e r i v i t e l l i n e  l a y e r  a n d  e g g - b i n d i n g  
p r o t e i n s  o n  t h e  s p e r m  s u r f a c e ,  a n d  t h e  e l u c i d a t i o n  o f  t h e  
s e q u e n c e  o f  e v e n t s  p r i o r  t o  a n d  d u r i n g  f e r t i l i s a t i o n  a r e  
n e c e s s a r y  p i e c e s  o f  w o r k  y e t  t o  b e  u n d e r t a k e n .
T h e  a d v e n t  o f  m o n o c l o n a l  a n t i b o d i e s  h a s  l e d  t o  i m p o r t a n t  
a d v a n c e s  i n  m a m m a l ia n  r e p r o d u c t i v e  b i o l o g y ,  a l l o w i n g
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d e t e r m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f  i n d i v i d u a l  a n t i g e n s  
o n  t h e  s p e r m  s u r f a c e  a n d  s u b s e q u e n t  c h a n g e s  i n  t h e i r  
l o c a t i o n  c o r r e l a t i n g  w i t h  p o s t - t e s t i c u l a r  m a t u r a t i o n  
( V i l l a r o y a  & S c h o l l e r ,  1 9 8 6 ) ,  a n d  t h e  l o c a l i s a t i o n  o f  t h e  
s o u r c e  o f  s o m e  p r o t e i n s  s e c r e t e d  b y  t h e  e p i d i d y m a l  
e p i t h e l i u m  ( s e e  M o o r e  & S m i t h ,  1 9 8 8 ) .  F u r t h e r  e x a m p l e s  o f  
t h e  u t i l i s a t i o n  o f  m o n o c l o n a l  a n t i b o d i e s  i n c l u d e  t h e  
i d e n t i f i c a t i o n  o f  a  s p e r m  m a t u r a t i o n - a s s o c i a t e d  
s i a l o g l y c o p r o t e i n  w i t h  a  c r y p t o d e t e r m i n a n t ,  i m p l i c a t e d  i n  
s p e r m  p r o t e c t i o n  f r o m  p h a g o c y t o s i s  ( T o s h i m o r i  e t  a l . , 
1 9 8 8 ,  1 9 9 1 )  a n d  t h e  l o c a t i o n  o f  s p e r m  s u r f a c e  a n t i g e n s  
i n v o l v e d  i n  s p e r m - o o l e m a  f u s i o n  a n d  t h e  z o n a - i n d u c e d  
a c r o s o m e  r e a c t i o n  ( s e e  J o n e s ,  1 9 9 0 ) .
T h e  u s e  o f  p o l y c l o n a l  a n t i b o d i e s  i n  t h e  s t u d y  o f  m o l e c u l a r  
m e c h a n i s m s  i s  l i m i t e d  b y  t h e i r  l a c k  o f  s p e c i f i c i t y .  T h e  
u s e  o f  m o n o c l o n a l  a n t i b o d i e s  m ay t h u s  b e  n e c e s s a r y  t o  
d e t e r m i n e  t h e  e p i d i d y m a l  s o u r c e s  o f  i n d i v i d u a l  s p e r m  
s u r f a c e - a s s o c i a t e d  p r o t e i n s  a n d  t h e i r  d i s t r i b u t i o n s  o n  t h e  
s p e r m  s u r f a c e ,  a n d  t o  i d e n t i f y  a n y  o v i d u c t - i n d u c e d  c h a n g e s  
t o  i n d i v i d u a l  s p e r m  s u r f a c e - a s s o c i a t e d  c o m p o n e n t s  p r i o r  t o  
f e r t i l i s a t i o n  o r  d u r i n g  s p e r m  s t o r a g e  i n  t h e  u t e r o v a g i n a l  
j u n c t i o n  S S T s ;  a n d  t o  i d e n t i f y  w h i c h  p r o t e i n s  i n  t h e  
i n n e r  p e r i  v i t e l l i n e  l a y e r  o f  t h e  e g g  a n d  o n  t h e  s p e r m  
s u r f a c e  a r e  i n v o l v e d  i n  f e r t i l i s a t i o n .
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APPEN DICES
A ppendix  1. T ab le  o f  L e c t in  S p e c i f i c i t i e s .
le c t in carbohydrate group a f f in i t ie s
Triticum  vulcraris (WGA) (D-GlcNAcB 1 -4  ) 3> (D-GlcNAcB 1 -4  ) 2 
= D-GlcNAcB 1 -4  (Fuc l-6)G lcN A c> 
NeuNac
Canavalia ensifo rm s (ConA) i>t-D-Man>^D-Gl c >^4-D-Gl cNAc
Solanum tuberosum (D-GlcNAcB 1 -  4) 3
Tetroaonolobus miroureas -L-Fuc
Limulus nolvDhemus NeuNAc
E rvthrina co ra l1odendron B -D -G al-( 1 - 4 ) -D-GlcNAc
Arachis hvooaea B -D -G al-( 1 - 3 ) -D-GalNAc
I
A p p e n d ix  2. R e a g e n ts  f o r  SDS-PAGE and W e ste rn  B lo t t in g
a ) R eag en ts  f o r  SDS-PAGE
I . Gel R eag en ts
R e so lv in g  Gel A cry lam ide
A cry lam id e  28. 50 g
N, N’-m e th y le n e -b is - a c ry la m id e  1 .50  g
-  d i s s o lv e d  i n  100 ml o f  d i s t i l l e d  w a te r .
S ta c k in g  Gel A cry lam ide
A cry lam id e  2 9 .25  g
N, N '-m e th y le n e -b is -a c ry la m id e  0 .7 5  g
-  d i s s o lv e d  i n  100 ml o f  d i s t i l l e d  w a te r .
I I
R e s o l v i n g  G e l  B u f f e r
t r i s  b a se
SDS
d i s s o lv e d  i n  100 ml o f  d i s t i l l e d  w a te r
S ta c k in g  Gel B u f fe r
t r i s  b a se
SDS
d i s s o lv e d  i n  100 ml o f  d i s t i l l e d  w a te r .
18. 15 g
0. 40 g
5. 90 g
0. 40 g
I I I
R e s o lv in g  G e l (p e r  5-15% g r a d ie n t  g e l )
5%
a c r y l a m i d e
r e s o l v in g  g e l  a c ry la m id e  (m l) 2. 66 
r e s o l v in g  g e l  b u f f e r  (m l) 4 .0 0  
d i s t i l l e d  w a te r  (ml) 9 .33  
ammonium p e r s u lp h a te  ( u l )  100 .00
TEMED (N/ N/ Nl/ Nl-
te t r a e th y le n e d ia m in e )  ( u l )  6. 60
g ly c e r o l  (ml) 0 .0 0
S ta c k in g  Gel (p e r  g e l)  
s t a c k in g  g e l  a c ry la m id e  
s t a c k in g  g e l  b u f f e r  
d i s t i l l e d  w a te r  
ammonium p e r s u lp h a te  
TEMED
a c r y l a m i d e
15%
8 . 0 0
4. 00
1 . 60
43. 33
6 . 60
2. 40
2 . 00 ml
3 .0 0  ml
7. 00 ml
100 . 00 u l
5. 00 u l
I V
I I . B o i l i n g  M i x
s t a c k in g  g e l  b u f f e r 1 . 00 ml
25% SDS 0 . 80 ml
B -m e rc a p to e th a n o l 0. 50 ml
g ly c e r o l 1 . 00 ml
brom ophenol b lu e  (0.01% w /v) 0. 3 3 ml
I I I .  Tank B u f f e r
t r i s  b a se 15. 8 g
SDS 2. 5 g
g ly c in e
-  d i s s o lv e d  i n  2. 5 1 o f  d i s t i l l e d  w a te r .
10 . 0 g
V
b) R e a g e n ts  f o r  W e ste rn  B l o t t i n g
I .  Anode B u f f e r  1
t r i s - H C l 11. 85 g
m eth an o l 50. 00 ml
-  made up t o  250 ml w ith  d i s t i l l e d  w a te r
( f i n a l  pH 1 0 .4 )
I I .  Anode B u f f e r  2
t r i s - H C l 0. 99 g
m eth an o l 50. 00 ml
-  made up t o  250 ml 
( f i n a l  pH 10. 4)
w ith  d i s t i l l e d  w a te r
V I
I I I .  C a th o d e  B u f f e r
t r i s - H C l  0. 79 g
a m in o -c a p ro ic  a c id  1. 31 g
m eth an o l 5 0 .0 0  ml
-  made up t o  250 ml w ith  d i s t i l l e d  w a te r  
( f i n a l  pH 9. 4)
V I I
A p p e n d ix  3. P h a s tsy s te m . R e a g e n ts  and A u t o m a t e d ,S i lv e r
Stai.nln.g-P.rotQ.QQl
a) P h a s ts v s te m  R eagen ts
I .  B o i l in g  Mix
t r i s - H C l  (1.6% w /v) 1 ml
EDTA (e th y le n e d ia m e n e te t r a a c e t i c  a c id )
(0.3% w /v) 1 ml
SDS (25% w /v) 1 ml
B -m e rc a p to e th a n o l (50% v /v )  1 ml
brom ophenol b lu e  (0. 1% w /v) 1 ml
d i s t i l l e d  w a te r  5 ml
V I I I
b )  P h a s t s v s t e m  A u t o m a t e d  S i l v e r  S t a i n i n g  P r o t o c o l
Step Solution 
Number
Time of
Incubatior
1 50% ethanol/ 10% ace tic  acid  
(v/v)
2 10% ethanol, 5% ace tic  acid  
(v/v)
3 8. 3% gluteraldehyde (v/v)
4 10% ethanol, 5% ace tic  acid  
(v/v)
5 d i s t i l l e d  water
6 0. 5% s i lv e r  n i t r a te  (w/v)
7 d i s t i l l e d  water
8 0.03% formaldehyde (v/v),
2. 5% sodium carbonate (w/v)
9 5% a ce tic  acid  (v/v)
10 10% a c e tic  acid, 5% glycerol 
(v/v)
2 min
6 min
6 min
8 min
4 min
10 min
1 min
6 min
2 min
3 min
Incubation
Temperature
50 °C
50 °C
50 °C 
50 °C
50 °C 
40 °C 
30 °C 
30 °C
50 °C 
50 °C
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